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DESIGN OF DIGITAL CONTROL SYSTEMS 
V. P. Petrov 
5.5 Complex of Pulse FT Elements for 200 kHz 
A complex of ferrite-transistor elements [FT] (@I) is intended 
for construction of general-purpose control computers and devices of 


discrete automation working in the frequency range up to 200 kHz, 


All the modulus of the complex are powered from a stabilized 
12.6 V +10%. 

The modules keep their efficiency with ambient temperature 
variation from -i0°C ve 450°C, and at an atmospheric humidity of 95- 
98% at an ambient temperature of +40°C; at vibration loads in the 


frequency range 10-70 Hz with acceleration up to 3.5 @; at impact 
loads with 100-120 g acceleration, 


The load capacity of the elements is low — 3-4 elements. The 
complex has six modules having the original diagram of construction, 


Module FT-1 


This module is a universal low-capacity logic element fulfilling 
the following operations: 


a) storage of input information; 
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b) tabthittan oe input tatarmat tony 
©) colleetton of tnformation on two taputa, 


The module la built according to the achematic diagram ahown 
In Pig. 51. Sianale proceeding to the “Record” winding are recorded 
hy transformer [Tr,] (Tp, ), conainting of core 0.25 [Vt] (BT) (K-27?) 
K2 x 1.4 % 0.8. Du ing readout of tnformation on the "Cycle" or 
"Inhibit" winding, urtode T of the module is opened by the emf induced 
on base winding of the core of Try. The base winding has two sections 
§ and 7, which permits obtaining the nominal and expanded width of 
the output pulse, The characteristic pecullarity 18 the introduction 
of a second transformer Tr, (core M 2000-(NM] (HM)-1, K7 x 4 x 2), 
carrying out positive feedback between output and base currents. 





Fig. 51. Schematic diagram of FT-1. 


Circuit elements Ry and Rs realize reverse bias of the emitter 
junction. Circuit RC, shapes pulse width. Resistors Ro and Ry 
limit base and collector currents, respectively. 


The power consumed by the module at the maximum working frequency 
and under normal working conditions without load in the output circuit 
is equal to 0.4 W with the nominal width of output signal and 0.6 W 
with the expanded width of output signal. 
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Contract tvedy the module fa ahaped on a aeparate laminated 
Toaulatton plate and Meanures not tore than Sa o~ 44 o¢ Dt mm. The 
welaht of the modale fa th a, 


Module Pye? 


The module fra untivernal powerful logle eloment fulfilling the 


operations: 
a) storage of input tnformat ton; 
b) inhibition of tnput information, 


The schematic diagram of the module shown in Fig. 52 contains 
three transformers, Try» Tra, and TYrs 5 consisting of cores 0,25 vr (K~ 
272) K2 x 1.4 x 0.8, ° 
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Fig. 52. Schematic diagram of module FT-2, 


During readout of information recorded in Tr,» on the "Cycle" : 
winding triode T is opened by the emf induced on the base winding. 


The emitter current of the triode magnetizes the core of Tr, in 
the direction opposite to that in which it has been magnetized up 
tue this point. The induced emf on the base winding of Tr, puts the 
triode into deep saturation, 
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Under the aetlon of dlaplacement current flowing tno the winding, 
the core of Crane former Tr, returna to ita dnitdal atate, Realator 
Ra determinea the value of thia current. Diode fl, protecta the emitter 
Junet ton of tha triode, and realator Ry Limita the aurrent of the 
triode hbage. The limitation of the collector current and the 
compensation of interference appearing at the time of the entrance of 
cycle pulaea tn the absence of Information on the core of Ory in 
carried out by transformer Try. The power conaumed by module FT-2 {n 
conjunction with Prec at maximum working frequency under normal 
working conditiona without load in the output efreuit ta equal te 
e.4 We 


The electrical, load, and reliability characteriatica of the 
module are given in Table 50, 


Constructively the module is shaped in the form of a separate 
plate measuring 54 x 35 x 24 mm, The weight of the module ia not 
more than 55 g@. 


Table 50, 
NER HATES STATON | 
Waremetere of ingat sigml withwt 
amplitude ef input sigml Sead 1h eateat citenis 
Width of cutmue 
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aa We Je 
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Module FT-%3 


This 1s a powerful extinguishing pulse amplifier, With the help 
of the module it is poasible to carry out: 


a) storage of input information; 

b) inhibition of input information, 

The schematic diagram of the module shown in Fig. 53 is analogous 
to the diagram of mcdule FT-2 with respect to its principle of action 
and the number of elements entering it, Usually module FT-3 is uaed 
in conjunction with module FT-6, 


Power drain at frequency f = 200 kHz is 2.1 W. 


With respect to constructive shaping, size, and Weight, module 
FT-3 18 analogous to FT-2, 
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Fig. 53, Sehematic diagram of }T.4, 


Module FT-4 


The module ia a two-input coineidence clrenuit with a short dejay 
time of output afgnals relative to input aignals, 


The coincidence circuit (Mig. 54) consiata of two triodes T, and 
Te connected in series each of which ia openad by a signal proceeding 
from the base windings of transformers Try and Tro» reapectively, 
conaieting of cores N2000-NN-1. Every triode is connected via the 
positive feedback circuit. Circuit RyCy in conjunction with tranoformer 
Try determines the width of the output current pulse the amplitude 
of which is limited by resistor Re + 





Fig. 54. Schematic diagram of FT-4, 


The power consumed by the module at maximum frequency without 
load in the output circuit is equal to C.4 W, 
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Utructurably the module {a analogoua to module Fr-1, and its 
alse and welaht are tdentical to those of PT-1, 


Module FT-5 


The Fr-5 la an element delaying the input pulse the length of 
Lime equal to ite width, 


The achamatic diagram of the module (Fig. 54) contains two 
Lranaformera, Tr, and Tr,, conatating of cores 0,25 VT (K-272) 
K2 we 1.4 ~% 0,8 and M2000-NM-1, respectively. The core of Tr, 18 in 
atate O under the action of direct current flowing through the bias 
winding. Input information proceeding through the "Input" or "Cycle" 
winding uhifts the core to atate 1. Upon completion of this signal 
the core again returna to state 0, 





Fig. 55. The schematic 
diagram of module FT-5, 


Triode T is unlocked. Transformer Tro creates strong positive 
feedback between the collector and base current of triode T, saturating 
It. Divider R35 Ry» Ry creates niverse hias on the emitter of triode 


T. 


Output pulse width is determined by circult Cy» R, in conjunction 
with transformer Try 


Constructive shaping is the same as that of modules FYI-1 and 
FT~4 e 
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Module FT-6 


This module is the limiting resistor ror modules FT-2 and FT-3. 
The schematic diagram of the module (Fig. 56) contains 5 24-0 resistors 
divided into 2 groups. Every group forms an 8-2 load, 


The maximum permissible dissipated power for each load is 4 Ww, 
The complex of modules FT was created as a standardized complex 


utilized in various devices of discrete automatics, At present the 
complex is permitted for wide use in new developments. 





Fig. 56. The fundamental 
electrical circuit of 
module FT-6. 


The electrical, load, and reliability characteristics cf FT 
modules are given in Table 50. 


The dimensions of the module are 54 x 24 x 19. 




















re hf SRT Vey iy 


age SOUR IemE Ee 








Type of nodules 


ee ela 







oo. oe t 


land eapaeitys 




































active, im medules § eis es we 30 modules | 3 nedyles | Relay with 
TE ak ER ee ABT or| Ar BT, M (80 A, 
poduleger 2 a 2 18 medules operation 
re) *® orl x eurrent 
le & le € 
Cagaeitive te ground in 
PPeneveccccccevesccencece 78 100 30 —_ 800 100 — 
Murpiy voltage in Veeeec. —% —% 
—10 —30 —90 —30 . 30 —30 —10 
-= 6,3 — 6,3 ‘= 6,3 ‘en —- 6,3 — 4,3 + 6,3 
+ 6,3 + 6,3 + 6,3 ~ +- 6,3 + 6,3 : 
Conga umed current in @A 
free sources 
“MV... wees 12 5,4 5,4 6 48 21 3 
—I0 v or owe e* @ ee 12 = — -. — = #0 
~O63V . ccc cee 7,3 2,4 2.4 - 21 7,2 - 
+OSV oe eee 2,9 0,85 0,8 - 12 0,85 1 
Voltage on dnwt im Ve 
upper levelsceccecscece o—1,5 01 ,5 0~1,8 — 0--1,5 O—1,8 0~!,8 
lower levelesessecceses| —6~7,9 | -6-7,9 | —6—7,9 zs 0~7,9 | —6-7,9 | —6~-7,0 
Veltage on output in Vs ‘ 
upper levelescosecesces | ~0,5—~—1,5 —0,6—1,5 | —0,5—1,5 -_ 0,5—5,5 —0,5—1,5 = 
Lower levelevccoecececs —6-7,9 —6—7,9 —6—7,9 = —6,6~—9,5 —6-—7 0 : —_ 
Munber of logical pecet- 
bilities em impute of 
RANAY ‘of reultercocccsoves & 8 5 _ 1 i - 
Muaber ef logical possi- 
bilities on inpute of 
FOR” elreuitecr.cccesccece 5 _ I I = 









Dimenpiosml in dheccesece 65x 34,8x 4x Mx 19, 649034 12, 8434 5,554 35x 22,8 area 3 x4 x18, 


a o | 338 | 388 17,3 


Notes The mmber of logical possibilities of sedulesA,5, antl'can bc expanicd on the impute of the "AD" 
eireuit to 300 ani on the inputs of the "OR eireust to 80. 






Weight in Gesecccccvccoce 
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e. Initial Setting Up of Logic Elements 


oy 


Module A-1 (Fig. 62a) -— a universal logic element — a two 
drift-transistor inverter, Jt carries out the "AND-NOY" function, 
and in conjunction with other elements various logic functions, 
Module A-1 with module J-1 carries out the "AND-OR-NOT" function, 


Module B (Fig. 62b) is a universal logic element. It is a 
potential inverter consisting of a drift transistor with two-stage 
diode logic on input. The module carries out the function "AND" and 
"wort" and in conjunction with other elements various logic functions, 
Module B and module J carry out the "AND-OR-NOT" function, 


Module [ (Fig. 62c) is a universal logic element. It is an 
unsaturated potential inverter consisting of an alloy transistor with 
two-stage diode logic on output. It carries out "AND" and "NOT" and 
in conjunction with other elements various logic functions; in 
conjunction with module J[ it carries out the "AND-OR-NOT" function. 


Module [| (Fig. 62d) is two independent diode logic circuits 
realizing the functions "AND-OR" and "AND," depending upon the 
commutation of input and output terminals, It is intended for joint 
use with modules A, B, and [of the complex of elements of the Ural-10. 





Module E (Fig. 62e) is the output stage of a power amplifier and 
is intended for amplification of signals in circuits of electronic 
comruters and devices of discrete automatics, It switches up to 
30 modules of type A, or 5B, or Il. 


Module H (Fig. 62f) is a kipp oscillator carrying out delay of 
positive voltage drop with a 5 us delay width with an instability of 
+10%. It is used as a delay element in electronic computers and devices 
of discrete automatics. 





3 Module Il (Fig. 62g) is an inverter intended for work on a relay 
i with a consumed current of not more than 50 mA and a voltage of 10 V 
: and for realization of light indication, 
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3, Recommendations for Application of the Modules 


of the Ural-10 Complex 


For a developer using a complex of model elements cof modules it 
is important to know not only their basic electrical and reliability 
characteristics, but also the basic conditions of thelr application, 


The basic conditions of application of modules of the Ural-10 
complex boil down to the following firm recommendations, 


All elements of the Ural-10 complex will agree with each other 
with respect tc input and output, 


In recommendations on the modules of the Ural-10 complex there 
are shown the mest wide-spread cases of connection of modules; however, 
there can also be other connections not shown in the recommendations; 
there is not allowed disturbance of conditions of coordination of 
levels and thermal and electrical conditions of completing articles, 


In the recommendations there are stipulated the conditions of 
work of various types of modules with a cable having wave impedance 
of 50, 75, and 150 2, and also with model delay lines with wave 
impedance of 600 and 1200 Q. 


In the "Recommendations" there are given examples of the 
application of modules in logic circuits, These solutions are not, 
single during construction of electronic computer subassemblies and 
devices of automatics consisting of standardized Ural-10 modules, 








i The use of the Ural-10 modules in accordance with the present 
recommendations ensures the reliable work of the modules under the 
most difficult conditions in the temperature range -10 to +50°C, 


In the appendix to the present recommen.::tions there is given 
the character of change of switching with expansion of logic 
possibilities and with change of load cepacity with respect to the 
first and fourth contact output, In the same place there are given 
graphs of distribution of switching times and dependence on temperature 
in the range -60 to +70°C. 
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a) General requirements 


The modules of a Ural-10 complex of type A-1, B-1, B-2, [-1, P-2, 
H-1, E-1, H-1, and U-1 must be exploited under the conditions stipulated 
by the general technical conditions for standardized circuit elements 
(modules) of electronic computers and devices of discrete automatics, 
i.e., under conditions: 


a) lowered temperature to -10°C; 

b) raised temperature to 450°; 

c) relative humidity of 98% at a temperature of 432°C; 

ad) vibrations of frequency 20-80 kHz with accelerations of 4-10 g; 
e) impact loads with acceleration to 35 ¢. 


Stability of feed voltages should be not worse than +10% of the 
nominal values shown in the drawings. 


_ Standard signals of the modules of the Ural-10 complex in the 
whole temperature range are signals with upper level us = -0.5to 
+1.5 V and lower u, = -6 to -7.9 V. 

According to firm indications there is allowed work of the 
modules of the Ural-10 complex from signals with nonstandard voltage 
levels: 


—1,5V<4,c0Vv; 
—10Vqu,<—6 V. 


If the lower voltage level of the signal at the input of the 
"AND" circuit of modules of type A-1, B-1, B-2, [-1, and [-2 is non- 
standard, then the second input of the "AND" circuit should be fed 
a signal with standard levels or voltage -6.3 V 210%, 


4.2 





car tiell 





All types of modules have to be used in model connection according 
to Table 54 and in accordance with the given recommendations. 
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2. din the table there fe net indicated me@ification of the module - there te no inex (for e le 
! ~ then the requirements are extended te all medivioations cf the given groups (Fy), 5-2, |'-1 
m2 de 


3. With inereare in onpasity Leads stipulated in graphs 14, 15, and if, the time responses of tha 
modulos ere 1ot g<uaranteed. 


There is allowed unification of outputs of modules of one type 
A-1, B-1, B-2, [-1, [-2, andh-1; the load capacity will he: 
for modules 5-1, B-2, [-1, and [-e 
N = Ny—(m— 1); 
for module A-1 
N = N,—3(m— 1); 


for module E-1 
N = N,— 10(m— ), 


14 


ayitthan Sechdog eames as 








oe pert ES 


- aga 


wget 


where No is the load capacity (coefficient of branching) of the 
module; m is the number of integrated modules, 


For example, with the integration of the outputs of three modules 
of type B-1 we have 


New 5, man 8; 
N wh —(8-— 1) mS. 


Note: If there ure no crosepieces between leads 12 and 13 of 
the integvated E-1, then the load capacity N will be 
N= No, but the number of united modules ashould not be 


more than ten, 


The logical possibilities of modules of type A-1, Bei, and J'-4 
can be expanded (with impairment of time properties) according to 
the following formulan: 


Me AE wren KES om Ne SS: (5) 
KS 108 — 20,6N, wren M <8, (6) 


where q io the Load (coefficient of branching of the preceding module ); 
K is the number inputs of the "OR" cireuit. of the examined module; 

M is the number of inputa of the "AND" circuit of the examined module; 
N,. is the load (coeffictent of branching) of the examined module, 


Figure 643 gives an example of expanaton of the logic pogetbilitiea 
of module B-1, 


Let us determine whether it la poaatble te expand the logic 
possibilities of module Beta) to Mo) w 2, when Kip) » 5, Naa) =» %, 
qe 3. 


By formula (5) we find that the number of "AND" circuit outputs 
of module B15) can be 


ano MD 
Me AP mw SE = 100, 











" oe 

Fig. 63, An example of 
the logic posalbilities 
of the module, 


Th our case Mg = & < 100. 


Note: Work of the module with expanded logic directly to the 
Memory element (for example, register) without additional 
planning {fa not allowed, 

Leade 4 and 4 of modulea Bei, B-2, or Pat, P-2, and leads 1, 10, 

and 44 of module A serve t. connect module Zor the same diode circuits 


of another deatgn. 


The number of "AND" circuit inputea can be attained by connection 
to lead 1 of aingle dicdes by suapended wiring, 


Avevage delay time meucured at a level of 0.5 drop in a long 
chain of n elementa of the same type in the temperature range -10 to 
+40°C can be defined aa t, = nt,, where T, ia the average delay time 
introduced by one module in a long chain of modules of one Kind, 


The average delay time ty of one module in the temperature range 
-10 to +50°%C isn given in Table 55, The idea of average delay time 
tT", fa valid when n> 3, When n <3 the delay time for the module should 
be conatdered equal to the switching time, which is stipulated in the 
corresponding particular technical conditions for the given type of 


module, 


Notes The value of Tt. is definitized after accumulation of 
experimental material, 
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To protect the transi.tors of every cell or block from excess of 
maximum permissible voltage on the collector of the closed triode due 
to the disappearance of fixing voltage (Ey = ~6.3 V) the voltage 
source KE, in the cell or block should be shunted by resistance. 
Shunting resistance Ry is selected in such a manner that voltage 
drop at it in the absence of voltage E, at the expense of the load 
currents of the @iven cell or block does not exceed the least of the 
maximum permissible voltages at the collector for the transistor used. 


The shunting resistance for a cell or block of modules of one 
type can be determined from the inequality 


£6 mink 
Ras Grn Egenle (7) 


where Ry is the collector resistance of the modules in the cell or 
block; mn is the number of modules in the cell or block, Ey min is 
the fixation voltage — 10% of the value cf E nom? =x max t8 the 
voltage of the collector source +10% of the value of E, HOM" 

If the cells of blocks are composed of modules of various types, 
then the latter inequality takes on the form 


Ra <——FominRe (8) 


Ex mex ~~ 2p min 


where Ry is the total value of the collector resistances of the modules 
in the cell or block. 


The total shunting resistance of all the cells or blocks which 
load the fixation source should satisfy the inequality 


Ru > ome, (9) 


fn max 
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where Ey as 1s the maximum voltage of the fixation source; I, nie 
is the maximum current-carrying capacity of the source of fixation 
voltage Rp » 6.3 V.° 


The switching on and operation of the modules in the absence of 
6.3 V bias voltage are impermissible. 


In designing cells and blocks it is necessary to provide for 
measures excluding accidental closing of leads carrying feed voltage 
with the leads of inputs or cutputs of modules. It is recommended, 
for example to have a grounded lead between leads carrying supply 
voltage and leads of inputs and outputs of modules. 


Thd modules can work to delay lines of types [LZ] (13) [LZT] 
(13T). The input of the delay line can be any LZ lead. The output 
from the delay line can be only from the end of the delay line. 


During the work of the modules on the delay line (Fig. 64) the 
output of the latter should be coordinated with help of external 
resistance R, (value — see Table 55), connected to the 6.3 V source of 
fixation voltage. 





PAD" eirsul 
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Fig. 64. Connection of matching 
impedence Ry to the output of the 


delay line during the work of the 
module to the full delay line. 


At the input of the delay line with p = 1200 N there can be the 


modules A-1, B-1, B-2, and B41, and at the output of the delay line 
with p = 600 2 the modules A-1, B-1, and E-1. 
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Note: With a load of the output of the delay line of more than 
one module, gating of the "AND" circuits connected to this 
output is not allowed, 


During the work of the modules to part of the delay line (Fig. 
65) both ends of the delay line should be coordinated by external 
resistances Ry and Ro» connected to source of fixation = 6.3 V 
. (the values of the resistances are given in Tagle 56). At the input 
of the delay line with wave impedance p = 1200 © there can be modules 
of type A-1, B-1, E-1, and at the input of the delay line with p = 600 2 
only a module of type E-1. 
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Fig. 65. Connection of matching 
impedances Ry and Ry to the outputs 


of the delay line during the work 
of the module to part of the delay 
line. 


Tentative 
values of 
@atehing 





The average delay time t; of one module in the temperature range 
from -10 to 450°C, 


Work to radio frequency or pulse cable can be carried out only 


from a module of type E-1 via the circuit shown in Fig. 66. Leads 
12 and 13 of module E-1 have to be opened. 


19 




















Fig. 65. Connection of matching 
impedence Ry during the work of a 


module of type E to a radio 
frequency or pulse cable, 


The conditions of coordination of the cable with wave impedances 
of 50, 75, and 150 Q are given in Tables 57, 58, and 59, respectively. 


Table 57. Wave impedance of cable p = 50 Q, 


Muaver of types of “AND” si reuite 3 or2) |prm 3 008 20 ; 


Tentative value ef entching 
impedarce in ase Nesessecatdece. 














Table 58, Wave impedance of cable p = 75 9. 


feamber of model “AND” circuits at 
eutput ef cable 










Tentative value ef matehing 
impedance in Rese cdvsceSccecsess 









Table 59. Wave impedance of cable p = 150 Q. 


Wumber of andel “AND sirucits at 
output of eable | 2 or 2 pre 9 to | 20 


Tentative value of matehing 
impedance in Seeeeeceeavevervave: 









Switching on of modules with extreme parameters at the input and 
output of the cable or delay lines is not allowed, 


The value of potential]. interference at the input of the modules 
at a temperature of +20°C should not exceed the values given in Table 


60, 
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b) Peculiarities of application of elements = 
of the trated complex . 


Module A-1. Leads 10 and 11 of A-1 modules serve to connect 
only module J[-1. Leads 10 and 14 are inhibited from being connected 
to lead 13 of all modules besides module J[-1. 





To form an "OR" circuit it is necessary to connect lead 10 or i1 y¥ 
of module A-1 to leed 1 or 13 or module J-1. Leads 5 or 9 of module 
I-41 must be connected to the -30 V voltage source, 


To form an "OR" circuit it is permissible to use lead 4 of module 
A-1; the switching time of the module can differ from the time indicated 
in the [TU] (TY) (technical specification] norms. 





Module JJ-1. All the points listed below are valid for each 


- To form an "OR" circuit module J-1 is connected by lead 4 (lead 
2 or 3) to lead 4 of one of the modules B-1 or [~1, and lead 5 is 
fed -30 V. 


The inpvts are the vacant outputs of leads 2, 3, and 4, 


OPIN a ramen 
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To form an "OR" circuit module Jl-1 is connected by lead 1 to 
lead 1 of one J-1 module, which will form "OR," as shown above, 
Voltage ia not supplied to Jead 5. The inputs are leads 2, 3, and 4, 


The values of matching impedances during work of a module of 
E-1 on the cable are represented in Tables 57, 55, and 59, 


The value of potential interference at the input of the module 
at u temperature of +20°C is shown in Table 60, 


To form an "OR" circuit at the input of module A-1 module J-1 
is connected by lead 1 to lead 10 or 11 of only one A-1 module. Lead 
5 of module -1 is fed -30 V. The inputs will be leads 2, 3, and 4. 


To form an "AND" circuit module J-1 is connected by lead 1 to 
lead 1 of one of the modules A, B, and [, Lead 5 of module J-1 is 
not fed voltage. The inputs are leads 2, 3, and 4, 


The input of module J-1 is equivalent in load to standard input A, 
b, T, and 


Module E-1. The module has a nonstandard lower level of voltage; 
therefore, one of the outputs of the "AND" circuit of any module 
working from module E-1 should be fed a signal with standard levels 
of voltage, or the free input should be fed -6.3 V fixation voltage. 
The levels of output signals for modules A-1 or B-1, working to module 
E-1, are nonstandard, 


Module E-1 should be located in immediate proximity to module 
A-1 or B-1 with a length of connecting wires of not more than 10 cm, 


Lead 13 of modules A-1 or 5-1, working to module E-1, is not 
allowed to be connected to other modules, 


During work of module E-1 to nonstandard loads it is necessary 
that the current through the fixation diode not exceed 30 mA, 

















During the work of module E-1 lead 12 must usually be closed 
with lead 13. During the work of module E, leads 12 and 13 are not 
closed to the cable. The matching impedance is connected at the end 
of the cable in accordance with point 18 of the present recommendations. 


Module Y-1. During the work of module YU-1 lead 10 should be 
grounded to an incandescent tube of type [NSM] (HCM). A -10 V 
source is connected through tube NSM to lead 12. To increase the 
brightness of glow of the lamp the use of a -12.6 V source instead of 
a 10 V source is permitted, 


During the work of module W-i on a relay with a current of 
operation of not more than 50 mA, a supply voltage of -10 V (or 12 Vv) 
is fed through the relay winding to lead 13. The grounding of lead 
10 is not allowed. The relay winding must be shunted by a diode (plus 
to source). 


In low-frequency circuits module M-1 can be used as a powerful 
amplifier with a load capacity of 15 modules 5B, I, and a switching 
time of about 15 us. 


To switch cn module VM-1 as a power amplifier it is necessary to 
connect lead 16 of module VW-1 with lead 1 or 13 of module I-41, and 
feed one of the leads 2, 3, 4, or 10, 11, 12 of module J-1 -6.3 V 
fixation voltage, and to feed lead 9 or 5 of module JJ-1 -30 V. 
Similarly instead of module J-1 it is possible to use one of the 
inputs of modules 5, and I, 


The output of the power amplifier is lead 13 of module JY-1, 


In conjunction witn module y-1 the Mf module can carry out 
logic operation "AND-NOT." 


The basic logic possibilities of the Ural-10 complex. The Ural-10 


complex was developed taking into account the possibility of construc- 
tion directly on its elements of basic logic circuits of electronic 
computers and device of discrete automatics. 

















ett aed Se Sg 


ce TH nei a, menace denn ciel, 


= ee enemas te net a i Ee a ee aa a cn ee bee eet rete ee eae 





Modules of the Ural-10 type can be used in the following circuits: 


i icone 


a) A register for storage of one binary digit (PL). 


b) A one-bit counter for recalculation of sequence of signals 


({Sch] (Cw)). 


beet ce en Reset RES “oni Access nace 


c) A shifter. 





a) A one-tit three-input adder, 

e) A one-bit five-input adder, 

f) A decoder. 

@) A controlled generator of a series of pulses. 
h) A pulse shaper, 


The register shown in Fig. 67 is two amplifiers interconnected 
by positive feedbacks, Such a circuit has two stable states. 


As amplifiers there can be used modules A, B, or I, 

Inputs 2 of the modules are used to form feedbacks, 

Inputs 3 can be used to record 0 or 1 in the register (reset the 
register to 0 and 1) by positive pulses (u,). The register Pr can be 
switched by negative signal. Uy » fed to input 4 of the module through 


module J. Switching is carried out when a signal is supplied to a 
locked triode, 


The duration of the starting signal should be not less than 
(1.5 + 2.0) tnep: 


The load capacity each register output is 


oy 
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where Ny is the load capacity of one module; tnep is the switching 
time of a given type of module, 








4 
Fig. 67. Functional 
diagram of register. 


The potential one-bit counter is shown in Fig. 68. It consists 
of two registers, where the second duplicates the state of the firat 
and also switches the input signal proceeding to the "counter" input 
to the one or zero input of the first register. 








5 Read Input 
Fig. 68. The functional 
diagram of the potential 
counter. 


The change of state of the second occurs only after the termination 
of the input signal. From a one-bit counter there can be formed a 
chain of counters for recalculation of the sequence of pulses. 


A reversible shifter is shown in Fig. 69. It consists of two 
registers, The shift is carried out in the auxiliary register by the 
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rewriting of the contents of the n bit in tha n+ 1 bit (shift to the 
right) or in the n - 1 bit (shift to the left). On the following 
pulse the shifted number is rewritten in the main register. 


The circuit of a one-bit adder of code-position three-input type 
(Fig. 70) is for addition of values A and B and for transfer from the 
low-order bit to the high-order bit. The circuit realizes the logic 
function in accordance with the following equations: 


c = (p(AB + AB) + p(AB + AB)}; | 
@ = [p(AB + ABy -+ p(AB + AB)}; 
Q = (AB + (AB + AB)p}; 

i = |AB+ (AB + AB)p). } 


(10) 


Here c is the sum; @ is the transfer to the higzh-order bit, 


noth bit n + lest bit 





Fig. 69. The functional 
diagram of the reverse 
shifter. 


The decoder depicted in Fig. 71 is a series of single-stage 
coincidence circuits on low input levels of signals. , 


The controlled pulse series generator is depicted in Fig. 72. 
It can consist of modules A or 5B and delay lines of type LZ or L2T. 
The generator puts out a series of pulses in the presence of a permitting 
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signal at the control input (lead 2). Tentatively the pulse repetition 
rate can be determined by the formula 


1 
Tsaa , 





1 
[= * 
where Tgan is the duration of LZ delay. 


The pulse shaper shown in Fig. 73 can consist of two modules of 
one type A or B and a delay line of type LZ or L2T. 





Fig. 70. Three-input 
adder, 





Fig. 71. The functional 
diagram of the decoder, 


t 


Upon the entering of input 2 by a pulse or drop of negative 
polarity of standard amplitude at leads 13 there are obtained pulses 
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of di ffeeent polarity equadl tea th width, 


wat 

With (aereane In load capactty at leada 1 or 43 higher than the 
permiaatble load atipulated tn Table 54, through the triode there can 
flow a pulae current Ty nun conalderably exceeding static current { 
Vp Therefore, {t ({@ necessary to measure collection current i 
Vy according to the dlagram of Pig, 74 and to make sure that the : 
eollector current in the pulae ia lesa than the maximum permissible 
CuPrent ahown in the TU for the given trtode, 





® Cantm) eiqnal 


Output 


ma 


Fig. 72, Controlled 
series generator. Fig. 73. Pulse shaper, 
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permissible 
Fig. 74. Circuit measuring collector 
current with load capacity increase 
at leads 1 or 13 higher than what is 
permissible. 


5.8. Recommendations for the Application of 
a& Model Complex of Elements at a Frequency 
of 250 kHz? 


With the cells of a complex of standardized functional circuit 
elements at a working frequency of 250 kHz it is possible to construct 
general-purpose and special-purpose computers and also individual 
units of a system of discrete automatics. 
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ie a spayed: 


For the normal functioning of every cell in the designed unit 
it is necessary to observe the following basic rules; 


1. The cells with respect to the influerice of climatic and 
mechanical factors satisfy the requirements of the interindustrial 
standard, 


2. There is not allowed the switching on of cells under tension 
without checking the absence of short circuits between grounds and 
feed buses and between feed circuits and cell output. 


3. When a cell is checked, the face value of each feed voltage 
is allowed to vary +10%. 


4, The parameters of the input signals and the value of loads 
of one type have to lie within the limits prescribed in the TU. 


5. The value of the maximum permissible capacitive loads (C) 
and static input (I,,) and output (I,,,,)currents for every type of 
cell must not exceed the values shown in Table 61 and must satisfy the 
following relationships: 





CPC. + MC: (14) 
Vg > Maher + Mahoasi (12) 
Lose > Mbeus + Mbeaxs (13) 





where CuoH is the *otal capacity of the assembly wires the equivalent 
values of which are given in Table 62; Cpy is the input capecity of 
the cells given in Table 63; Lox? loyx are the static input and ; 
output currents for the various types of inputs given in Table 63; ; 
Hl, -ls, is the number of loads. 


Taput current in MA. ccoces 
Output current im mA..cces 
Lead capacity in pP....... 
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Table 62, Capacity between conductors with 


length of conductors 2 = 1m, 


Distance between conductors 
Kind of wiring 


















Wire with a dieme%scr of 0.1 mm.os. 
Wire with a diameter of 0.5 am.... 
Wire with @ diameter of 1 Gmococce 
Printed sireuit.ccccoscsccevoccces 








% eurreat in mA... 
* wrrent in BA. —_ 
% capacity in 
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The permissible number of various types of loads for every cell 
is determined from conditions (10), (11), and (12). 


6. One input of each unutilized valve in cells 1€,, 1%,, and 
10, should be grounded. 


7. ‘The output of the delay lines in cell 1+ can be connected 
to the inputs of any types of shapers, where the length of the 
connecting wire should be not more than 1m. There is not allowed 
simultaneous use of more than one output of the delay lines. 


8. When there must be a greater number of valves than there are 
in one shaper, it is possible to unite up to four shapers «! type 10, 


on cutput. 


Note: 


In the absence of parallel connection of shapers 12, 
output pinches 23 and 24 are connected by external wiring. 


9. Computing input and the setting of the trigger to O and 1 are 
cerried out with the help of gating at the inputs of shapers, 
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10, To avoid vartatiorn in atandard levela oo more than twa 
iq, 12,, and 111 cells are allowed to he connected in aertes, 


41. For visual observation of the atate af chu filp-flop it 
ig necessary to connect the indicated output of cell (1%) (1b) 
with the input of the circuit shown tn Fla. 7%, 
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Fig. 75. Connection of 
cell Te with the output 
of the eclreuit for vieual 
observation of the atate 
of the trciager. 


12, The output of colle 10, and 1%, can be aimultaneoualy 
loaded only on one output of the delay line and on one input of 
the pulse-potential valve, 


13, The shapers in cella 10, and 16., can operate in two modes: 
amplification on leading edge of input pulse; amplification on trailing 
edge of input pulse, 





Note: a) the shapers in cells 10, and 10, operate in the second 


re mode only when they are connected to the flip-flop 
oy input, 


[ : b) in cell 10, external wiring connects pinches 9 with 


- 10 and 11 with 12 during operation in the first mode 
: and 9 with 11 and 10 with 12 during operation in the 
t . second mode, 


e) in cell 10, external wiring connects pinches 9 with 10, 


14 with 12, 16 with 20, and 21 with 22 during operation 
in the first mode and 8 with 11, 10 with 12, 16 with 


21, and 20 with 22 during operation in the second mode, 
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Nod, A Complex of OO, PSO, and 450 KHE Model 
Potenttal Elemento 
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The complex cf the ayatem of potential elements ( [SPE] (cm9)) 
[OSKTR) (MUHYB) [Tranalator's Note: expansion of acronym unknown] 
vonatatea of three logic and seven auxtllary elements, during the use : 
of which {t fa posaible to collect any devices of computer technology 
and Aiecrete automatica, 


The camplex of logic elements of the SPE contains three logic 
motulea: [MLA] (MIL), ML2, and ML3. 


Auxiliary elements ((VE} (BS)) fulfill nonlogiec functions in 


Jogic ctreuits (amplification, Light indication, formation of pulses), 
The complex of auxiliary elements consists of the following units: 


— the time-ausigning stage (..V2] (KBs); 


3 
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the register element [ERg) (8Pr); 
~ omitter wepeater [PEm5]) (1Su5); 


emitter repexter Pin; 


indication elements [EI1] (5yi1) and EI2; 


~ the diode assembly [SD] (CJ). 


The elements the system ere made out of plates with printed 
ecireult in volume performance, 


The maximum frequency of work of elements under various conditions 
ig represented in Table 64, and the upplicability of elements in 
certain frequency and temperature rary.2s is represented in Table 65. 


The logic elements are intended for various frequency ranges: 


logic module ML1 at a frequency of up to 20 kHz; 
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logic module ML2 at a frequency of up to 150 KHz; 
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logic module ML3 at a frequency of up to 350 kHz, 


} ; The principle of action of the basic logic and auxiliary elements 
of the [KPE] (HM9) complex is briefly described below, 


Table 64, 
Conditions Prequensy of elements in kHz 





E, ue | Egue 


11 88eee! | 


Table 65, Application of elements in various 
frequency and temperature ranges, 











from -10 to 80°C, 


9 
or fram +5 to 50°C from 30 to ¢70 C 













20 kite = 
KI9-150-Ci1: 
MJi2, KBs, [19u5, 
T3u6, CI, 9H2, 3Pr 





150—200 ktiz MJI2, KBs, [19x5, 










“0 kHe MB, Ki ope 135, 


Note: KPE =c aes ( ane elementa; (mm) HX) - rational 
etonany; 


en: 


1. Logic Elements 


Logic module MLi. The module is a phase-reversing amplifier 
with three independent inputs working in relay conditions and realizing 
universal switching function "NOT-OR" (negation of disjunction or 
"Pierce arrow"), and ensures construction of any logic circuits, no 
: matter how complicated. 











Depending upon potentials at inputs element MLi can be in two 
states: one or zero, The active element of the module — the triode 
ia either in a svate of cutoff (locked triode) or in a state of 
saturation (open triode}, respectively. 


The electrical schematic diagram of MLi is represented in Fig. 76. 





Fig. 76. The electrical schematic 
diagram of logic module ML1. 


ML1 preserves its efficiency and ensures the stability of 
electrical characteristics under une following conditions: 


change of ambient temperature from +5 to +50°C; 
voltage of bias sources +5.3 + 0.63 V; 

voltage of power supplies -6.3 + 0.63 V; 
operating frequency up to 20 kHz; 

resistive load of not less than 1000 Q; 
capacitive load of not more than 160 pF; 

Input impedance of ML1 of 4500 Q, 


Source of positive voltage E, ensures reliable closing of the 
triode in the whole ambient-~temperature range if at not one cf the 


inputs there is a potential different from zero, The potential, not 
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differing from zero (for ML1) should be considered a voltage not 


lower than 0.2 V. The basic characteristics of MLi are represented 
in Table 70, 


The dimensions of the module are 4% x 24 x« 14 mm, 


Logic module ML2. With respect to the number of inputs, transfer 


characteristic, and logic properties, the module is completely similar 
to module ML1. 


Logic module ML2 differs from MLi only by the ‘:riode used in it 
[P416B] (114165) and its high resistance Ry = 30 kn. 


The electrical. schematic diagram is shown in Fig. 77. 





Fig. 77. The electrical 
schematic diagram of 
logic module ML2, 


In the presence of at least one input of potential lower than 
the value corresponding to the one level, the triode is in saturation, 


To keep the transistor from going out of order it is recommended 
that the power supplies Le con ected in a certain order: in the 
beginning power supply Eye and then bias source Ege 


During the use in ML2 of only one input, it is desirable to 
ground any of tne free inputs. 


ML2 preserves efficiency and ensures the stability of electrical 
characteristics under the following conditions: 
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change of ambient temperature from -60 to +70°C; 
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power supply voltage of -6.3 + 0.63 V; 

bias source voltage of 46.3 + 0,63 V; 

operating frequency of up to 150 kHz; 

resistive load of not less than 1500 Q; 

capacitive load of 50 pF. 

The ML2 can be used in the range of temperatures from -10 to 


+50°C, maximum frequency should be not higher than 240 kHz, and the 
resistive load is not less than 1000 Q, 





The input impedance of ML2 is not less than 4500 2. 
The dimensions of the module are 26 x 214 x 14 mm, 


Logic module ML3. The electrical schematical diagram is shown 
in Fig. 78. To increase the speed of the module in the circuit there 


is used nonlinear feedback (diode [D9K] (JI9K) and R = 300 2). 


In the presence of at least one input of potential lower than 
the value corresponding to level 1, the triode is in saturation, The 
potential not differing from zero for ML3 should be considered a 
voltage not lower than 0,24 Vv, 


The input state of ML3 is 5300 + 300 &, 


It is permissible to use module ML3 in devices in conjunction 
with ML2 and MLi. During calculation of the permissible number of 
modules in the load it is necessary to proceed from the input impedance 
of the load, i.e., in every case it is necessary to divide the minimum 
load impedance by the maximum permissible load, 


The dimensions of the module are &% wx 24 x 414 mm, 
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Fig. 78. The electrical schematic 
diagram of logic mcdule ML3. 


2. Auxiliary Elements 


The time-setting stage ([KVz] (HB3)). The time stage of the kipp 
oscillator KVz is a passive element. It is a circuit consisting of 
a diode key and a time-setting circuit and can be used for construction 
of temporary delay units, temporary data storage units, etc. 


The electrical schematic diagram of KVz is shown in Fig. 79. 





5 C)270. PF g 
Cian O———4 
; C)770pr og 
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Fig. 79. The time-setting 
stage (KVz). 


Increasing the time constant of the RC circuit to a value of the 
order of 4 us requires using an additional capacitor, the value of 
which is determined by the formula 


——C, 


sg 
Com V5 
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If the time constant <4 us the value of the additional is 
determined by the formula 


< 
Com sae —% 
where t is in us, and C is in farads, 
As additional capacitances it is possible to use capacitors Co 
and Cs of the time-setting stage. Inclusion in the layout of the kipp 


oscillator ([O0V] (OB)), consisting of the Kvz and two modules, is 
represented in Fig. 80. 





Fig. 80. The schematic diagram of the 
kipp oscillator (OV), consisting of 
the KVz and two modules, 


The GSKTB recommends 


a) ensuring the efficiency of the kipp oscillator consisting of 
KVz and ML1 (O0V1) by using an additional capacitor not under 2400 pF 
connected in parallel with Cy and C, of the time-setting stage Kvz; 


b) in the kipp oscillator composed of modul~s ML2 (OV2) using 
capacitance Cy of stage KVz and in the kipp oscillator composed of 


modules ML3 capacitance Co. 


The OV is started by a positive drop from the logic module, which 
fulfills the function of a starting penerator. ‘The duration of the 
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interval of time of the existance of low negative potential (zero) at 
the output of the starting module should be greater than the duration 
of the shaping pulse. Otherwise OV is turned into a signal repeater 

supplied to the input of the starting module. 


In the initial state the transistor of the module is open, On 
output OV there is a potential close to zero, Capacitor KVz is charged 
to the value of the collector voltage of the starting module the 
triode of which is in the cutoff mode, Upon the supplying of negative 
level to the input of the starting module the triode of the latter 
is opened, and the capacitor discharges on the following circuit: 
resistor Ry of unit KVz, power supply, and open triode, 


The positive voltaze locks the triode, i.e., the triode of the 
module entering OV, is locked by the "zero" supplied to the input, 
Upon the achievenent by the voltage at the capacitor of a level close 
to zero, the circuit is unitialized. 


The working stage of pulse shaping after starting is determined 
by the time constant of the circuit (RCo), and restore time is 
determined by the time constant RCo (Ro is the resistance of the 
starting module). 


The width of the pulse formed by the kipp oscillator with internal 
capacitor Cr is equal to 1.5 + 0.7 us. The OV can form a pulse up to 
200 us wide, 


The dimensions of the module are % x 21 x 14, 


Emitter repeater, The emitter repeater ([PE] (9)) is a current 
amplifier consisting of a powerful triode. It is used as an element 
with high load capacity in devices of reproduction of signals, for 
initial setting of circuits, for interrogation of parallel counters, 
and for other purposes. 


The repeater triode with any signal at input remains in the linear 


mode, thanks to which it is possible to use PE in a wide frequency 


range. 
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The electrical schematic diagrams of PEm5 and PEm6 are shown in 
Fig. 81a and b. 
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Fig. 81, Emitter repeaters: a) circuit 
PEm5; b) circuit PEM. 


Due to the fact that base current creates at the emitter junction 
a voltage drop different from the potential of the open buffer modules® 
Yo in the direction uf positive values, the buffer module is connected 
te the power supply Ex not through the collector resistor but through 
resistors Ry and Roe The collector current of the buffer module 
triode, flowing through resistor Ry» creates in it a voltage drop 
compensating for the withdrawal of voltage Yo. The buffer module can 
be used only with two inputs, 


Emitter repeaters PEm5 and PEm6 are intended for operation under 
the following conditions (Table 66). 


Table 66, 


Conditions 


Change of ambient temperature...... 
Voltage of power supplies..-ceccees 
Voltage of ties sourced... cscccsores 
Frequency of work UP BOceccccceccns 
Resistive lead net iess than... .ccoce 
Capacitive load not more than...... 





The input impedance of PEm5 and PEm is 10C0O 2 wich a full load 
on module ML. For the modules of the load there can be used only 


two inputs, 


40 


seatibch3 











é 
if 





elements oO “Ne system 
Oe i 
aca |: Characteristic ma mas Maia 
1 [Upper ambient teapereture 
in 96, crcvcvecccccvecccccces +50 +70 +56 
2 jLower ambient teaperature 
In OC, cecccwccvcrccvcccceenes —10 —60 —i0 


The basic characteristics of PEm5 and PEm are represented in 
Table 67. 


Table 67. Basic characteristics of potential modules and auxiliary 






3 {voltage of powsr supply 
tn Re hee —6,340,63 —6,3+0,63) —6,3+40,63 —6,3+ 6,3 —6,3 


ae +0,63 +0, +90, 
4 |Voltage of bias source 
cin Vevceccscccccscescseseceve +6,3+40, 63 +-6,34:0,63 +6,3+0,63 +655 +6 3 


5 [Power drain in MWeecccerccece «50 gn <50 
’ Load capacity in unitess...-. 4 3 4 10+30 | 3 
al of information 
ee Vecccccccocvecssocccos --0,2 —(),06-4--—0, I~, 1 + —09,24 ome: =e 
8 {Potential of information 
1 in Ve acccvencaccceccsessescce —2 ,0+—3, —2,0+-—3, 1--2,84—3, 5 — ~ 
9. [ Gpereting frequeney counter ; 





Gireuit in KHRcecscvcccccccce 80 190° 330 3% 190 
a Be ac eecs cass scan chanel 8,1 1s os | 12 | 06 
m Vea lscics scsi iseikeuds 1,7 0,2 0,3 0,35 0,2 
CMM ae nea aE 2,0 12 | 0,08 | o6 
Tl tiericnietaeed OT | 08 | oa | a0: bot ) 
i iRamcie inp pS pm | | 


imterPerence in Vocccccccsees 
16 [Permissible negative 1? 1b a _ 
imterferance in Vecccccscccce . . ae 





The dimensions of module PEm5 are 29 x 29 x 22.5 mm and of module 
PEM are 2 x 24 x 14 mm, 


Indication elements, An indication element ([EI] (8y4)) is a 
static element with output to incandescent lamp [MN-2] (MH-2). 


The indication element is produced in two variants, 
Control of the indication element is carried out from ML, which 
as u result of the termination of the operation is set in state 1 


for a long, time, 


The indicat‘on element consists of an emitter repeater and a 
final stage with deep negative feedtack. 
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The electrical achematic diagrame of EYt and KIS are represented 
in Fig. 8@a and b, reapectively. 


The input impedance of RI ta Shoo QQ, 


The dimensions of module EIt are oe YX Pi ay, art of fiedule 
EI2 are 29 x 34 % 43.5 mm, 


Register element (ERg). The register clement ta a pasaive element 
with three independent inputs tatended for uae tn conjunction with 
any of the logic modules (ML) to the cireuit of ahift regtatera, 
The ER& elements are controllet via two reatatance inputa hy logic 
modules and a power repeater (PEM), 


In the initial state capacitors Cy and Ca are charged to the 
potentiala of the cellector of starting modulea, Dodena A, and A. 
are closed, At the time of income to the capacttive input of a 
negative shift pulse with a width determined by the type of the 
applied module, there occurs discharge of capacitors, 


The capacitor connected by the resiitors with the module collector 
which is in state 1 will be diacharged almost to vero, The capacitor 
connected with the module callector which fe in state O will be 
charged to the difference of potentials of the medule collector and 
the potential of the emitter of the power repeater, Since level 0 
ie much lower than the amplitude of the shift pulse, the charge of the 
capacitor will change its stan, Upon completion of the action of the 
shift pulse on the resistance of the register element there Is formed 
a positive pulse, which opens the corresponding diode and enters the 


4e 














“ie 


base of the triode of the doad module, If the latter te in state O, 
then the Kita atanal wiltl aot the load module to atate 1, 


The electrioal achematic diagram of ERg ta shown in Fig, 83, 





Fla. 4%. The electrical diagram 
of the regtater element (ERa). 


The ERR keeps ita erfictency under the following conditions: 
a) ambient temperatire must very within the ranges: 

+5 to 50°C during use with ML1; 

a1 vo 50% during uge with ML2 and ML3; 

-60 to +#70% during use with MLe. 

Lt) porosity of not less than 2 (frequency range 20-350 kHz); 


c) pulse width of shift not less than e@ ws for modules ML2 and 
ML4 and not less than 15 ps for module ML1, 


Nete: ERg during work with ML1 requires application of additional 
510 pF capacitances connected in parallel with the basic 
capacitor. 


The input impedence of ERs on resistance inputs is not less than 
¥5OO Q, 


Be) 
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The capacitive input of ERg in the register circuit is grounded 
throug: external resistor Ry determined by the formula R, = 
where n is the number of bits of the register. 





The dimensions of ERg are 2% x 24 x 14 mm, 


The main characteristics of the potential elements of GSKTB 
are given in Table 67. 
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5.42. Model Potential-Pulse Elements of 
Industrial Automatics [50]. 


A, General Part 


Model potential-nulse elements of a single series of [iT] (ST) 
[Translator's Note: expansion of acronym unknown] developed with 
the participation of scienti*ic colleagues of the Academy of Sciences 
of the USSR and specialists of various branches of the national 
economy; therefore, in this series there are considered various 
interests of a large circle of designer-developers. engineers, 
student-diploma candidates, and scientific colleagues of various 
[KB] (HB) [Translator's Note: design-offices] and [NII] (HMM) 
[Translator's Note: scientific research institutes] studying protleus 
of designing devices and systems of industrial automatics, tele- 
mechanics, systems of centralized checking, control, signalling, 
measurements, etc, 


The introduction into industry of potential-pulse elements of a 
single series of ET permits sharply increasing the reliability and 
speed of automatic control systems, expands the field of application 
of automated systems, and doubles or triples the productivity of 
labor in the manufacture of systems of industrial automatics. 


With the introduction into industrial production of elements of 
@ single series of ET, it ceases to be necessary to develop analogous 
elements end prepare them in individual order in numerous organizations, 
as was the case prior to 1965. 


In the given division there are given a description of schematic 
diagrams, specifications and rules of connection of elements and also 
there are examined examples of construction of logic functions and 
basic cases of application of circuits in industrial automatics, 


B. Types and Modification of Elements 


The series of ET (Table 69) consists of 18 elements divided into 
4 groups: 
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1) 6 logle elements; 

2) 3 functional elements; 
3) 4 time elements; 

4) 5 outlet amplifiers, 


Logic elements, The main active element of the series is the 
element realizing the “OR-NOT" function, 


In the series provision is also made for a passive element 
realizing the "OR-AND" function, Furthermore, there are passive 
elements realizing "OR" and "AND" functions for pulse circuits and 
memory components, 


The functional elements are intended for galvanic separation of 
circuits (coordinating element), formation of a discrete signal 
(relay element), and for compyrison of the values of two voltages 
(null-balance device). 


The time elements are intended for realization of time functions 
in pulse and potential circuits. 


The output amplifiers are intended for transmission of instructions 
to servomechanisms with control powers up to 100 W. 


The period of service of the elements does not depend on the 
number of switchings and ts equel to 40 thousand hours with a 
probability of unfallin, vork of P > 0.8. 


The elements ensure normal operation under the following conditions: 


a) with deviation of supply voltage within the limits from -15 to 
+10% of its nominal value; 


b) at an ambient temperature from -40 to +50°C; 
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c) at an ambient reletive humidity of 98% and at a temperature 
of 410°C, 


d) with vibrations in the frequency range from 5 to 20 Hz with 
acceleration to 4 @; 


e) at impact loads with an acceleration of 15 g. 


Transistor elements are reliable in operation, do not require 
regulation and adjustment during manufacture and exploitation, do 
not require removal, and can operate under unfavorable meteorological | 
conditions, 


The basic logic elements of the system can work at a switching 
frequency of up to 5 kHz. ‘ihe working frequency of the remaining 
elements is shown in the table of technical data of the elements. 


The elements are intended for work from discrete signals with 
two levels of voltages — the low level, conditionally designated 0, 
and the high level, conditionally designated 1. 


Signal 0 should be not more than 0,9 V direct current, and signal 
4 not less than 4,0 V direct current. The polarity of signals is 
negative. 


The elements of series ET allow work with contactless and 
contact sensors and also with other controls, at the output of which ' 
there should be a signal of not less than 4.5 V of d-c voltage. 


To increase reliability in the development of elements there 
were accepted considerable reserves for various components — transistors, 
diodes, resistors, and capacitors, 


The supply voltage of the elements is -12 V or -e>5 V. Bias 


voltage is +46 V. The voltage rating on the external load of the 
elements is 4 V direct current. 


47 





Table 69. Series of elements ET. 


No. in | Type of | Group of 
order | element element 





Assignment 
of elements 


The double "OR-NOT" rheostat-transistor circuit 
realizes the universal logic functions y=a+b+¢ 


















The "OR-NOT" diode attachment realizes the logic 


functions 
yrwatb+ctdteth; 
y~wa-b.c-.d-e-h 










Low-power (computing) flip-flop. It is used in 
the circuits of counters, resistors, etc., and 
also as "Memory." 










High-capacity (computing) flip-flop. It is used 
in branched circuits of matrix encoders and 
decoders and also as "Memory" during work on a 
relay or signal lamp. 












The double pctential~pulse cell. Composition of 
"OR" and "AND" pulse circuits and reproduction 
of inputs of the ET-I03 element. 






The same, and also reproduction of inputs of 
ET-LOl element. 









Coordinating input element. Galvanic separation 
fof electric circuits. 













iRelay element. Conversion of continuous changes 
of input voltages inte a discrete signal of the 
assigned level (discriminator of amplitudes). 








Null-balance device. 
fith respect to value. 





Comparisun of two voltages 










Ternary RC circuit. Application in circuits for 
delay of pulses and also as a filter. 












Wouble transistor delay for construction of 
delay lines, kipp oscillators, multivibrators, 
etc. 








ime delay up to 10 s with regulator within 
[limits from 0.5 to 10 s. 








ime delay up to 100 s with regulation within 
limits from 9 to 100 s. 
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Table G9, Cont'd 


No. in |Type of| Group of 
| order element| element 










Assignment 
of elements 









A binary coordination amplifier for increasing 
the load capacity of logic circuits for switching 
on of signal lamps (at output up to 40 mA at 12 V).. 










A 3 W binary output amplifier; 125 mA. Switching 
on of EMU and MU windings, intermediate relays, 
and signal lamps. 







Output amplifier of power up to 10 W; 20 mA. 
Switching on of EMU and MU windings, intermediate 
relays, and signal lamps. 





Amplifiers 






A 30 W, 1.25 a output emplifier. Switching off 
of windings of nagnetic auplifiers, contactors, 
solenoids, and others. 






A 100 W, 4.2 a cutput amplifier. Switching on 
of windings of magnetic amplifiers, powerrul 
contactors, solenoids, and others. 







The model designation of elements is composed in the following way: 







i oe el CL 
ls 


LI 
LJ ie LU 
! —————Designation of series 
Group 


| | i Si— logic elements 
@— functional elements 
B— +ime elements 
i ¥—- output) amplifiers 
| _ Performance 
ali 1— under printed circuit 


u— split connection 
1— under wired circuit 


Note: Performance of element is characterized by appearance and is not shown 
in designation on element. Type of performance is recorded only in 
the documentation, for example: ET-103-1. 





Designations: OT-JI01 = ef-Lo1l, OT-001= ET-FOl, OT-D0l « ET-wl, OT-Y0i « ET-vO0l, 
EMU = OMY, MU = MY. 
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Structurally the elements are shaped in the form of modules. 
Semiconductors and otheyv completion articles are mounted on laminated- 
insulation plate with a printed circuit. 


For protection from the influence of the environment and also 
for the possibility of bracing elements on a common plate, plates 
with elements mounted on them are flooded with a compound on an epoxy 
base and are placed in a carbolite housing with a cover. The 
construction cannot be dismounted or repaired. 


By method of connection to external wiring the elements are 
produced in three performances: 


performance I — with cylindrical leads under soldering to plates 
with printed circuitry; 


performance II — with printed leads under plug connector; 
performance III — with platelet leads under wired circuitry. 
The marking of the leads of elements is numerical from 1 to 18. 


Voltage of +6 V is lead out to the 14-th lead; 0 to the 15-th; -12 V 
to the 16-th; -24 Vv t> the 17-th lead. 


C. Logic Elements 
a) Element ET-LO1 
Element ET-LO1 (Fig. 112) has two independent "OR-NOT" circuits 
each of which has three inputs (input impedances 1500 ©) and one . 
inverse output. The element realizes the function y=avbvVe. 


The parameters of element ET-LO1 


Supply voltage DLN ia rere ee REE oa hcg ae ERAS ANE EE BS SR +6; -~12 


Consumption of current in mA , eeeseeteoeeesestpseseeseeeaeseeseeeseeseeseesee 2 x 15 
Load resistance in Q, @aeeeoese#eeeseeeseeeeernreeeeerteesteeeveee @#eenee#ernreseg? 2 x 820 
The input -impedance of the first input in k2....... sehen ; oe) 


a 


Working frequency of switchings in KHZ...cc cece r cece ceceee Bia) 
Level of voltages in V. | 
input signal O with three connected inputsS.....ceceoees 0.5 
input signal with one connected input..rcccccsccscseres 9.95 
Ls input signal 1 with any connection of ANPUTS. ceereeeece 12 
OULDUE SLENAD Ops. ces Se SRS wN GA ele aS oN Oe Be WN Ow Oe Oe 0.15 
output Sigel 2c iaswtie ose Ws. wea wes’ CON See aaa eawees 412 





Fig. 112. The electrical schematic 
diagram of element ET-LO1. 


In the absence of signal at all inputs the transistor is closed, 
and at its output there is negative potential (accepted in the system 
as 1). 


If at least one of the inputs is supplied with a signal equal to 
1, the transistor is openea, and at the output the signal vanishes. 


During the work of the element to the input of otl tr elements 
(besides element ET-19?, realizing function "AND") leads 3 and 5 
must be connected with lead 16. Moreover, in the elements there are 
used both collector resistors (9.1 kQ and 910 Q), connected in 
7 parallel. 


During the work of element ET-LO1 to the input of element ET-LO2 
(realizing function "AND") in the collector circuit there is useu 
one 9.1 kQ resistor, which ensures reverse bias of the diodes of 
attachment "AND." 





With the help of eliewient ET-LO1 it is possible to realize the 
following logic functions: 


epee 





fe rere meemnerente 9 at caer emer tt 2 


1. The "OR" function (Fix. i13a). The signal appears at the 
output when there is a signal at at least one of the inputs; 


2. The "AND" function (Fig. 113b). The signal appears at the 
output only if there are signals at all inputs: 


Em, + Ag° As. 


3. The "NOT" function (Fig. 113c). In the presence of a signal 
at the input the signal is absent at the output; the signal appears 
at the output when the signal vanishes at the inputs 


4, The "AND-NOT" function (Schaeffer operation) (Fig. 113d). 
The signal is absent at the output only if there are signals at all 
three inputs: 





B= Gy + Oy + Gy. 


5. The "OR-NOT" function (Pierce operation) (Fig. 113e). The 
signal is absent at the output when there is a signal at at least 
one of the three inputs; 


Xm a, V a V Gy. 


‘6. The "Inhibit" function (Fig. 113f). The signal at the output 
appears simultaneously with the signal at input "a" af the signal is 
absent at the inhibit input "b." In the presence of signal at the 
inhibit input "b" the signal is absent at the output. 


7. The "Memory" function (Fig. 113g). When the signal is 
supplied to input "a" (switching on of memory) the signal appears 


at the forward output and disappears at the inverse output. This 
state is preserved until the signal is supplied to input "b" (switching 
off of memory). After the supplying of ower the state of the circuit 


is arbitrary. 


52 





a 





8, The “unequivalence™ (unequivatentnesa) function (Fig. 113h). 
The signal at the output exiats only if the signals at inputs “a" 
and "b" do not match, 


9. The "Implication" function (Fig, 1431). The signal at the | 
output is absent only if there is a signal at input "a" and the etgnal 
at input "b" is absent, 





Fig. 113. Logic functions realized with the help of element w~v-LO1: 

a) realization of "OR" function weaveve: b) realization of "AND" 
function weema); ¢) realization of "NOT" function «ew d) realization 
of "OR-NOT" function — Schaeffer operation weaae;, €) realization of 
"OR-NOT" function — Pierce operation uw-avave), f) realization of 
"Inhibit" function; g) realization of "Memory" function; h) realization 
of "Unequivalence (unequivalentness) function; i) realization of 
"Implication" function, 
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b) The element of type ET-L02 


Blement ET-LO2 (Fig. 114) (the universal dioue attachment) is a 
wet of diodes of type (D9D] ([I9J[) the leads of which are not connected, 
With the help of external connections of diode leads an "OR" circuit, 
or an "AND" circuit can be realized. The element allows obtaining 
simultaneously up to three "OR" circuits, up to two "AND" circuits, 
and a combination of "OR" and "AND" circuits with a total of up to 


six inputs. 
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Parameters of the element when the "AND" circuit is switched on 
SUDDLY ‘VOLGRRE TN. Vi wai ewie eis 0b 6 ewe eee eee Oa ee SS -12 
Load resistance 1n Gi... cccc cece cece ccccccccccccseee 2400, 1200, 800 
Output voltage in the absence of signal at the input 
OF the. OLement Ink: Viscesec vwec eadee Soetweseesateesas 
Consumption by the element of current in the presence 
of signals at the inputs in MA....... ccc eceeceevenes 3, 6, 9 
Consumption by the element of current in the absence 

of signals at the inputs in MA... .. cece cece rere eeees 5, 10, 15 
Working Prequency in ki o66ci6 oss wenedevee oes ee tekensd Up to 5 


<0.65 


& 
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Fig. 114. The electrical sche- 

matic diacsram of a universal P 
diode attachment for the reali- 

zation of an "OR" circuit or an 

"AND" circuit. 


Examples of realization of logic functions with the help of 
ET~LO2 element. 


1. Realization of an "OR" function (Fig. 115a). 
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2. Realization of an "AND" functton (Fla. 115b). 


3. Connection of a passive "OR" circuit to the output of a 
passive "AND" circuit (Fig. 115¢). 





The output of the passive "OR" circuit {is not allowed to be 
connected to the input of the passive "OR" and "AND" circuits. 
Neither is the output of the passive "AND" circuit allowed to be 
connected to the input of the passive "AND" circuit. 
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He Fig. 115. Fxamples of the realization of 
: logic functions with the help of an ET-LO2 
element; a) realization of "OR" function; 
b) realization of "AND" function; c) 
connection of passive "OR" circuit to 
output of passive "AND" circuit. 


c) Examples of realization of logic functions in the 
combination of ET-LO1 and ET-LO02 


1. The "Equivalence" function (Fig. 116a). The signal exists 
at the output only if input signals are absent at both inputs 
simultaneously. 











2. One of the variants of connection of ET-LO1 to the input of 
ET-LO2 realizing the "AND" function (Fig. 116b). 





a b) 
Fig. 116. Examples of realization of logic 
functions in the combination of elements 
ET-LO1 and ET-LO2. a) realization of the 
"Equivalence" function; b) variant of 
connection of ET-LO1 to the input of ET-L02 
realizing the "AND" function, 








d) Element ET-LO03 


Elemenv ET-LO3 (Fig. 117) (a low-capacity flip-flop) is a switching 
device having two stable states. Element ET-LO3 can be used as a 
frequency divider, a computing cell, as "Memory," etc. 


The parameters of element ET-LO03 


Supply voltage in Micudtne bh ceetdatcd tua Ute Reo ieee aenee its 46, ~-12 
Consumption of CUFrent In MA. csscssccccccrcssesescesivesesens 15 
Amplitude of starting pulse In Vici rccccvecscecesenccccceens 4-7 ° 
Width of Starting Pulse TN? MS ig 6iiee sees baw 0'b 4-50 0 666 0b eee ee ee Oe 
Starting current: AN Whiwssie.c sss hw caste soi eS Web ad wheeled Sipe e 
Current of external load in mA: 

MOMINB] ccc ccca cesar es eee reese nweeereceeeasesenetecennes 


MOXA pe 6 Sow we 0 6 were 0 Re OWS a EGR O ww eee 25 








Level of output voltage In y: 


signal Qe ee a 6 kee PO we Saw Oe ew Ah OL SS Oe wR A Oe Rae DSS 0.2 
sao Tiik De Weed ER Weave REA Roe a sO RE Re ee Rare ews aa Oa 4 5-6 .0 
Working frequency in MH 2 a séce-Scatocece’ be e520 w 6a teei ole re Wale le wlecateele a were" e 5 











Pico. 117. The electrical schematic 
alagrai of the low-capacity flip- 
flop (the I-05 element). 


Elements ET-LO3 allow work when the circuit is connected with 
the general computing input. Leads 3 and 10 and the circuit are 
connected with the divided inputs (leads 5 and 5 as well as 9 and 11 
are connected). 


To initialize simultaneously all the cells of the scalers leads 
8 of all elements have to be unltc! anu briefly fed zero potential 
(Pig: 428).. 





Fig. 118. An example of the construction 
of a binary integrating counter consisting, 
of ET-LO4 elements, 
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e) An example of construction of a binary integrating 
counter and the principle of its operation 


When potential is fed to the "Reset" bus through diode i, 


(Fig. 117) the potential of the collector of transistor Ty also takes 


on zero value. The potential at the base of transistor Ty takes on 


a positive value close to zero, and transistor Tp is kept in the open 


state after the removal of zcro potential from the "Reset" bus, 


On the collector of the closed transistor Ty there is negative 
potential 


ax UnamRs = tnum 

* RatR, 2° 
and at the base there is positive close to zero. The difference of 
these potentials is applied to diode a (through the collector, 
lead 11, lead 9, and resistor R, ) and locks it. 


The closed diode does not let pass positive signals lower than 
Uys and presents for them an opened key. Therefore, any positive 
Signal (interference) less than Uy in amplitude entering the input 
of the circuit cannot get to the base of the closed transistor Ty: 
Diode ho» connected with the base and with the collector of the 
saturated transistor Tos is open since from both sides of the diode 
there is applied almost identical potential equal to the potential 
of the ground. Therefore, diode a, is a closed key and easily lets 
pass to the base of the saturated transistor To positive signals 
entering the input of the circuit. 


Thus, the examined diode key sends positive signal only to the 
base of the saturated transistor and does not pass it to the base 
of the closed transistor. Thereby there is created the condition 
for locking saturated transistor Ty and simultaneously there 49 not 
worsen the conditions of unlochin:: the transistor closed earlier Ty) 
1.¢., the diode key facilitates the condition of reversing of the 


flip-flop. 


mincing 











Ir the input of the system is fed @ s1:1.4] Of negative polarity, 
then capacitamn : Co will be charged on the circuit: ground bus, 
emitter-collector T,, lead 5, lead 6, resistor Ro; capacitance of 
plate of capacitor Cy from the side of tape 4 and from the side of 
tap 3 (a positive charge is stored on the plate from the side of tan 
4, and a negative one from the side of tap 3). 


At capacitanc: C, there is not stored a charge since transistor 
Ty is closed, and from botr sides of capacitance Cy there are applied 
identical negative potentials, Thus, there is charged only the 
capucitance, which is connected with the saturated transistor, This 
permits storing the state of the flip-flop during the throwing over 
the flip-flop to ensure the development of the regenerative process 
in the necessary direction, 


After the supplying to the system input of a signal of zero 
potential, the plates of capacitors Cy and Co from the side of taps 
3 and 10 also take on zero value. 


Capacitance C, is connected through diode 4, to the base junction- 
emitter by positive potential to the base, 


The discharge of capacitance Cy occurs through resistors Re and 
Rg: In the first moment through the discharge of capacitance Cy 
minority carries accumulated in the region of the base are resorbed 
through the emitver junction, and transistor Tp is locked. 


Consecuently, the part of the energy accumulated in capacitance 
Cos after the entering of the input signal is expended locking the 
saturated transistor, which ensures even flipping of the flip-floy. 


With the supplying to the system input of a signal of negative 
polarity the flip-flo»v is flipped, after which the charging of 
capacitance Cy begine, Capacitance Cr is almost not charged. 


When the input is fed a signal of zero value, capacitance Cy 
discharges to the base of a saturated transistor Ty» and the flip-flop 
returns to its initial state. 











The distinetive peculiarity of the Clip-flop etreuit is the tact 
that the process  ° rlipping the flip-flop precedes the process of 
preparation, when the corresponding storage or accelerating capacitance 
is charged, For this reason the repetition rate of the input pulses 
{s limited by the time of charging of the capacitance through 
resistor Ry or Rg This determines the relatively low working frequency 
of the flip-flop, To expand the working range to 10 kHz resistors 
Ry and Rg must be shunted by diodes qa as is shown by the dotted 
line in Fig, 113, 


In the flip-flop with separate inputs the process of preparation 
and operation occurs analogously, the only difference vei: that 
signals alternately enter the corresponding individual inputs, 


The load to the flip-flop can be connected both in series with 
the transistor through the diode attachment and in sarallel with the 
transistor, 


It is preferable for the load to be connected in series since 
this mathod provides high load capacity and noise immunity of the 
flip-flop. 


The trivvera in the counting circuits can be reset by one reset 
pulse both through the collector and through the base, During reset 
ground potential ts supplied to the flip-flep output, 


The flip-flop from the other elements can be controlled by 
additional base leada 7 and 12, 


In order to conaider the pulses of negative polarity it Is 
necessary to supply aianals to the input of the examined circuit 
through the "AND-NOT" logic cell, 


Reaistora R, ana Ry (100 kQ) serve to reverse the bias of the 
diodes in those casea in which resistora Ry and Ro are not connected 
with the collector and are used as additional flip-flop inputs for 
the realization of various logic functions, : 
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f) Element ET-LO4 


Element ET-LO4 (high-capacity flip-flop) is intended for work 
to relay coils, signal lights, in branched chains of a matrix decoder, 
and others. 


The parameters of the ET-LO4 element 


SUPPLY VOLtARe IN Vig iwsg Awe vw die Rane GE sok Ws Nae eee s GSR WOE. AO gr S25 
CONSUMPCLON OF -CUYTENG: IT. MA gos e556 owls. 6 oat e ab Sed wane Saw ow ai 120 
Amplitude of starting pulse in Visssccawcins bows be ennene een 4-20 
Width OF “Starting PULSE: Ai) MSs 6 o.eik eit Sw oo Kew 6s eo daele we were 1.0 


Starting current “1 WA sot aweg 6 owe etree wid waa wp ee Wea Seige wee ee 15 
Current of external load in mA: 
NOMI 6s. 655:ecae sae 06 Wb 0 OO So Wl ST RS ONE WES OSS He Re eee 70 
MAXIMUM. soccer cvesaccccaaseresesessseeseerescescseesccsss 100 


Levels of output voltage in V: 
SIGNET Oe cite aisea Sse hSA ale oN ORE ROTC TAR EDE OS BORON wwe see Oe On0 sD 
Si aneL 4a ii soe eS 6 w WS 6Cew aw aN e dont G0S FS ONS SeK Cee aeeccea “C0325 
Working frequency 1n KHZ. .cccccccccccsccccccscvccsccececcccsup tO 0,5 


The schematic diagram of the high-capacity flip-flop (Fig. 119) 
differs from the circuit of the low-capacity flip-flop (Fig. 117) 
and is a cross connection of two inverters through diode connections. 
This permits excluding the flow of base current through the load and 
increases current and voltage drop in the load, If in the circuit 
of the low-capacity flip-flop because of the equality of resistors 
Ry and Re the current drop and the voltage drop in the load is equal 
to we, then in the circuit of the high-capacity flip-flop due to the 
presence of the diode connection the bas: current of transistor Ty) 
flows through the circuit (resistors Rs and Re ) and does not get to 
the load of the other transistor T.. Therefore, in the load there 


takes place a full drop of current. Tyo and of voltage O- unue. 

This ensures normal work of the relay or lamp, included in the circuit 
of the collector of the transistor. The flip-flop is controlled by 
signals from other elements through the potential-pulse cells 


analogously to the way this is done for the low-capacity flip-flop. 


61 








ie i gs 


reste in cttmtanteenemnt ent neatege amen tins mata moe 
AARNE athe et err ee. 








Fig. 119, The electrical schematic 
diagram of the high-capacity flip- 
flop (clement ET-LO4), 


When transistor Ty is open, zero potential from its collector 
is supplied through diode a, to the base circuit of the other transistor 
Tp and closes it. Analogously to this when transistor T, is open, 
the input of transistor Ty is fed a positive signal through diode 
I,» and transistor T, is closed, Diodes O,-2, in the flip-flop 
circuit fulfill the role of an ordinary valve, and no special 
requirements are placed on it. Resistors Ro and Ra y (100 kQ) permit 
reversing diode bias, limiting the charge of the capacitors (Cy and 
Co) and the passage of interferences to the base of the open transistor, 
Working frequency is up to 500 Hz. 


Fig. 120a gives an example of inclusion of a relay in the circuit 
of element ET-LO4, If the coil of the relay is included in only one 
arm of the flip-flop then in the opposite arm it is desirable to 
connect resistor Ry, = 2kQ, having connected lead 17 with lead 11. 





Fig. 120. Examples of inclusion of 
@ relay and a lamp in the circuit of 
element ET-LO4; a) inclusion of 
relay; b) inclusion of lamp. 
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Wha. Pech piven an example of tTneluaton of a stynal lamp in the 
efreatt of etement RPsLow, The lamp fe connected is series with 
realateor Ky » 190 2, When the lamp ia included in one arm iv is 
hevedwmary to inelude reatator R= @ Kit in the other arm, 


w) Rlementa ET-LO5 and BT~L06 


Rlementa FT-LOO (Mga, 11a) and ET-106 (Fig. 121b) (potential- 
pulae cella) are intended for converaton of potential signals into 
pulne signals, for realfgation of pulae logic circuit, and for 
Operation in conjunstion with logic elements of types ET-LO3 and ET- 
Loa, 


Parametera of elements ET-LO5 and ET-L06 
ET-1L05 ET-L06 


Supply voltage UW Viccieccvcersccveceseees sasvensvaee “22 “25 
Working frequency of awitchings in KHER. cceceeseceeee 500 0.5 
Input impedance (dynamic) An KQ.cscececccecceseveess Je 3,0 
Amplitude of input pulse in Vivcecsececccreccssveeee S12 gte 
Width of input pulse in MB.ccrecscreveveseceeesssess 300 300 
Output resistance In MQ ceressvecnveccssecccvceseves SOnt $0.4 


For conversion of the potential signal into a pulse signal lead 
3 18 constantly fed a zero potential, and at the input (lead 2), the 
potential of the signal altermately varies from zero to negative 


valun = Uye 





Fig, 121. Electrical schematic diagrams 
of potential-pulse cells: a) potential- 
pulse cell eieuent BroLee y b) potential- 


pulse cell (element ET-L06 


Then in the presence at the input of negative potential capacitance 
Cy through resistance Ro during the time At = KRC is charged and at 


- 
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the right plate of the capacitance there is stored a positive charge, 
while at the left one a negative charge is stored, 


After the charge of the capacity during the supplying to the 
input of zero potential capacitance Cy starts to discharge through 


load R, and resistance R, (Fig. 122). 
H 2. 





Fig. 122. The process 
converting potential 
Signal into pulse 
signal, 


At the output we obtain pulses of positive polarity, with the 
help of which it is possible to control the locking of the flip- 
flop of other cells. 


Resistor Ry = 100 kQ is connected to the negative potential 
of the source and is used for reverse bias of the diode, which limits 
the passage of interferences from the inputs of the circuit to its 
output and increases noise immunity. Application of potential- 
pulse cells permits considerably reducing the number of transistors 
in circuits of automatics and telemechanics, since controlling 
triode cells through rpotential-pulse cells makes it unnecessary to 
use intermediate amplifiers. 


D. Functional Elements 
1. Element ET-FO1 


Element ET-FO1 (coordinating element) is intended for coordination 
of parameter; of galvanically isolated sensors and system elements, 
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Parameters of element ET-FO1 


Voltage of alternating current 1N- Vessecccccccvscseeaes 220 
Voltage of direct current “Li: Vis ssciseeses se ee eee ewewaews- Ley 110, 220 
Consumption of current in mA: 


. jap iia 


On: dimect-current Circus t \c:<54se5 eas veces Ol aee Hae en <15 

on alternating current Circuit.rcccccccccececcesseces <50 
Control. Current’ An. MA. . saw ses swe sae eee hws See e Cee eee <15 7 
Output voltage when Rp, = 1.5 KX in Vivessccesccccccees 4.5 
Voltage of output voltage pulsations in %..cccccccseces <10 
Delay time of output signal in S..ccccccccccveccccrecce <0.1 


The element can be used also in case of coordination of parameters 
of the separate components of the system, when resistance coupling 
must be replaced by magnetic coupling. 


Element ET-FO1 ensures transmission of switching signals of 
transistor elements from 110 V and 220 V direct current sources of ‘ 
signals and 220 V alternating current sources, 


Element ET-FO1 is represented in Fig. 123a and b, where it is 
given in combination with other elements. 


At the input of the "OR-NOT" transistor logic element (Fig. 123a) 
the input signal appears upon the pressing of button K, included in 
the field winding circuit. The current and, consequently, the field 
ampere-turns become equal to zero, and the alternating current is 
transformed from the primary winding connected to the 220 V network 
to the secondary (output) winding. After rectification and smoothing 
the current gets to the input of the transistor element, 


In the second variant the field winding is de-energized., Upon 
the pressing of button K the primary winding is connected to the 
220 V alternating current network and in the secondary (output) 
winding of the transformer there is transformed the voltage, which 
after rectification and smoothing gets to the input of the transistor 
element. 








Fig. 123. Examples of the 
practical application of ET-F01 
elements: a) comtrol vy direct 
current (first variant) b) control 
by direct current (second variant). 


b) Element ET-FO2 


Element ET-FO2 (the relay element) possesses the relay character- 
. istic "input-output" and is intended for conversion of smoothly 
variable input voltage into discrete output signal of the established 
level (Fig. 12a). 


The given diagram is an assymmetrical flip-flop built on the 
basis of a two-stage d-c amplifier with positive feedback, ‘ 


The characteristic of Uessz=f(¥ess is shown in Fig. 124b). 
Through the introduction of feedvack there is achieved an 


avalanche-type process of building up of output signal with increase 
of input signal to a certain value. 
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b) : 
Fig. 124. The electrical schematic 
diagram of relay element ET-F0e: 
a) diagram of element; b) diagram 
of work of element 


The feedback circuit is connected to divisor Rg, Ro» Rao» which 
during the operation of the relay is untied from the rest of the 
circuit by diode a,. To lock the diode the voltage of the feedback ' 
circuit must be lower than the voltage at the load. With such a 
circuit the feedback current does not depend on the value of the 
load. 





The voltage of the operation of the element is regulated within 
wide limits by the change of input impedance Raq 


The parameters of element ET-FO2 


Supply voltage in Ve ieieise: oe8 inves “0's 0 eee Were ee o 08 @ 6 0'0'e"e 8 6 leo wb eee w +6, -12 
Consumption: of current. 1. MA 66:06 vis is osw sat ba wa HWS Oe 8 ea wees 15 
Range of regulation of voltage In V..ccrecrsccvccsnccsecaces 4-20 
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Load: rESPEVANnGes TI les wares 0a eS ieke co AS ace ee W ree aoe w Ale a eee ee ers 820 


Input impedance { n KQ, eseeseoeeeceovueosuaeeveeseenreneheoapeeeeceeeeepeseesee eens 2.0 
Response vime in ms eno tees eee eeesvuseaemaseeeuee * eeevueceooee seve seanuse at 
Working frequency in kHz eeeoevuseeeesee@seeoeveeseeeeveseeseeseveeeeseasnee & 5 


During the work of the element in systems where there are possible 
considerable bursts of input voltage, it 1s necessary to limit the 
amplitude of the latter, which is achieved with the help of diode 
a,. This diode limits the input signal in that case in which the 
latter exceeds the value of supply voltage -12 V. In this case 
diode I, is opened, and the surplus of output voltage drops on 
potentiometer Rage 


The relay element is designed in such a way that its output 
is to be connected to not more than three "OR-NOT" circuits (not more 


than three 1500 2 inputs). 
c) Element ET-FO3 


Element ET-FO3 (null-balance device), represented in Fig. 125a, 
is an element comparing the values of two direct current voltages. 
Input 1 and input 2 are fed comparable voltages. Input 1 (lead 7) 
is fed a checked voltage, and input 2 (lead 11) a reference voltage. 


The main center of the null-balance device is the blocking- 
generator. The transistors Ty, and Tos working in diode conditions, 
switch on the circuit of the positive (W,) or negative (W,) feedback 
of the blocking-generator. 


With excess Upy, OVET Upyo transistor Ty is open, and transistor 
Tp is closed, The negative feedback winding (W,) is switched on, 
and the blocking-generator does not operate. 


If Usx2 > U sxe» transistor Tp is opened, and transistor *y is 
locked, which leads to appearance of relaxation oscillations through 
the switching on of the positive feedback winding (Wo). The blocking- 
generator starts to generate. 
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Fig. 125. The electrical schematic diagram 
of tne null-balance device (element ET-FO3): 
a) the circuit of the null-balance device; 

b) the diagram of work of the null-balance 
device for the case of connection of 
reference voltage at input 1 (leads 7 and 
14), and of checked voltage to input 2 
(leads 11 and 14); c) the diagram of work of 
the null-balance device for the case of 
connection of reference voltage to input 2 
(leads 11 and 14) and of checked voltage to 
input 1 (leads 7 and 14). 


Transistors in the diode mode and possessing low forward 
resistance are used to obtain steeper and more identical diode 
characteristics, Furthermore, the application of transistors 
improves the sensitivity and stability of the null-balance device. 

To improve sensitivity still more the median point of the feedback 
windings is connected to the bias source through resistor Ry = 100 kn, 


Oscillations appear at the output of the blocking-generator when 
the voltages are equal with an accuracy of 50-100 mV. The frequency 
at the output of the blocking-generator is about 100 Hz. 


The width of the pulses Ton = 200-250 us. 
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Figure Jesh shows the diarram of work or the uul- tulance devise 
for the case of connection of the reference voltage to input 2 
(leads 11 and 14), and the checked voltage to input 1 (leads 7 and 14). 
For this case relaxation oscillations at the output of the element 
appear when the checked voltage exceeded the reference voltage. 


Figure 125c gives the diagram of work of the null-balance device 
for the case of connection of reference voltage to input 1 ( leads 
7 and 14) and of checked voltage to input 2 (leads 11 and 14), 
Relaxation oscillations appear at the output of the element when the 


reference voltage exceeds the checked voltage. 


The parameters of element ET-FO3 


Supply Voltage An Vics ie iiewsee ons we teva ous Cow eaaeeweeevess toe 212 
Consumption of current (mean value) in MA,....cccesececseeees <20 
Z Input voltage 1n Viccwcccrcccccccccccscccccvcsecsesssesscsese 20 
Sensitivity: 10) WV ine dsatewneliicdew sees pesmeenee casawesedese. <0 
Internal resistance (dynamic) in KQ......cecccccccccccccersee PO. 
| Response time 1n MS...ceccescccccccsccvvccesccscscsscsceseses  <i10 
Amplitude of output voltage In Vi.ccccccccccccsnvecsevesesecs >10 
Width of output pulse In MS..ccccerevececceverecccseccccssces Ont 


Internal resistance in ioe S eo le ese wed ehere ele oo terase ew tbie! 6 beret aceeieles <1.0 
E. Time Elements 
a) Element ET-V01 


The schematic diagram of element ET-V01 (triple RC circuit) is 
presented in Fig, 126. 


The parameters of element ET-V01 


Input impedance in BG Qee: avis irate eel Wie te len te 00/0 ee 6S ee 020 ele ele-eieiie @ erele ce 1.5 
Time constant of charge in MScecccescccvesecrecesecceseseseen 75 + 25% 











Such a circuit can be used as an integrating network for delaying 
a signal, as a differentiating circuit, and as a filter of high- 
frequency interferences, 


~ 
si S 
13 8/] “28 
sue le 
7 


Fig. 1%. The Fey circuit 
of the time element (element 
ET-VO1) — triple RC circuit. 





When necessary the time constant of the RC circuit can be 
increased by way of connection to median points of circuit A, C, D 


of external capacitance. 


The RC circuit can be used in logic circuits, for example, in 
those cases, in which the signal from the output of the pulse-potential 
coincidence circult must enter the input of that potential element 
which controls the operation of the given coincidence circuit. 


In this case it is necessary to delay the control signal 
entering the potential input of the coincidence circuit until ithe 
pulse is finished at the pulse input in order to prevent the passage 
of the spurious signal to the second input. 


For this purpose at the potential input of the coincidence it 
is possible to set a delaying RC circuit which will ensure the assigned 
work of the circuit. 


b) Element ET-Vvo2 
Element ET-VO2 (transistor delay) is an inverter with capacitances 


at the input (Fir. 127), which ensures the obtaining of a time delay 
of the signal when a zero signal is supplied to the input. 
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Fig. 227, The electrical cfreult 
of element ET-Voe (tranatator 
delay), 


Element ET-VO2 ta used tn cireulte of automatics and telorncoandes 
In the following casen;: 


a) for limitation of the duration of action of the atgnal 
(Fig. 128a); 


b) in cireuitea of miltivibratora (Fig. 1o8b); 
¢) in circuits of delay lines (Fig, 128); 


ad) in diagram circuits of kipp oscillator (Fig. 198d), etc. 
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Fle, 198, Examplea of application of element. 
ET-VOD (tranalatoy delay) in ctreuita of 
automatica and telemechanica; a) limitationa 
of the duration of atgnal on elementa ET-L01, 
ET-VOP; b) tn cireuita of multivibratora on 
ET-VOP3; c) in elreulta of delay linea = 
application of etage connection of delay 
line, 


In the abaence of Input afgnals in the circuit in Flag, 128a 
tranatfator T, ls saturated with base current flowing through resistor 
Ry. The element can operate only if capacitor Cy, (Cy or Cs) 1s 
charged by voltage Upoy * Ey (the potential t the base of the 


transtator ia close to zero), 


The supplying of input signal to the "OR-NOT" element leads to 
the saturation of tranafator Ty. To the base of tranalator To through 


TS 











capacitance Cy (C4 or Us) there proceeds positive voltage, which 

shifts transistor Ty to the cutoff mode, At the output there appears 
voltage which exists only that time during which capacitance Cy is 
discharged vo zero through resistor Ry to the power supply. Then 

the capacitance starts to be charged by the voltage of reverse polarity 
via resistor Ry from the minus of the power supply. 





Upon the rising of the voltage at the capacitor to 0.4 V transistor 
T is saturated, and the output signal disappears (Fig. 128a), 


The time of the pulse width of the output voltage is determined 
practically only by parameters R,C (where C = Cy» Cy or Cx) and 
does not depend on changes of supply voltage: 


At = 0,7R,C. 


In the circuit provision is made for the possibility of setting 
certain values of output pulse width which is assigned by selection 
of the corresponding capacitance Cy, Cos Cs or their combinations 
(Fig. 128b). 


In systems of automatics and especially telemechanics it is 
often necessary to coordinate with respect to time pulse signals 
taken from various system elements. Certain signals have to be 
delayed a certain time relutive to others. The signal can be delayed 
for the assigned time with the help of a delay line which is a series 
connection of several ET-VO2 elements (Fig. 128c). 


The voltage available at the "OR-NOT" input in the absence of an 
input signal ensures the charge of capacitance Cy. 


The supplying of signal to the "OR-NOT" input causes saturation 
of transistor Ty Transistor Ts goes to the cutoff mode, In this 
case capacitance Cy is charged, and with the disappearance of signal 
at the output of transistor Tp there is ensured the cutoff mode for 


transistor Ts, etc, 
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For normal work of the delay Line capacitance Ca must aucceed 
in being charged before the signal at the output of transtator Te 
disappears, for which the resistance in the collector cireuit ie 
taken as 4 times Jess than tho resiatance of the base circuit 
Ro «= Ry = 2.4 kQ, R, = Rs e 40 kf, 





The second condition for normal work of the delay line is that, 
the duration of the input signal be greater than the delay of one 
step. 


Delay element ET-VO2 in conjunction with element ET-LO1 makea it | 
possible to fulfill the circuit of the kipp oscillator (Fig. 128d), 


Element ET-VO2 contains time-setting capacitances which can 
provide the following delays: 70, 300, and 700 us, 


The base lead 6 of ET-VO2 can be connected to any external 
capacitance, which permits obtaining a wider range of change of 
delay. 


The output element of ET-VO2 can be connected to the input 8 of 
ET-L01 with an input impedance of 1.5 kQ, and the level of the output 
must be not less than 4.5 V. 


c) Element ET-V0o3 


Elemer:t ET-VO3 (Fig. 129) ensures the appearance of an output 
signal with delay for the time At after the input signal supplied to 
one of the inputs (leads 7, 8, and 9). The signal at the output 
disappears simultaneously with the disappearance of the input signal. 





The parameters of element ET-VO3 


Supply voltage in Vib oe 0s6. bobo 0a © 0: 016 016.0 bse be) ae ole'e 0:60.68 06 be 10 ee el8 46, -12 


Consumed CUrrent IN MA, ccccccccccccccccccccsevesesesesssvere 20 

Range of regulation of time delay 1n S.,ccccccesssccececseee O.5-10 

Time of preparedness for repeated action 1n S..cccesccsesees 20.5 

Charge resistance in KQ...cccccccccccccvvccccccevscecccescce 150 
15 


A ilies eggs 
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Input Impedance in KQevesecseccesesenccecvseseesesssseseeres 1.) 

Lad rentatance in RAscsccccccccccecccccssnceesseescsseceers  Oebe 

Qurrent of external load (maximum) In MArcccscrercvcesvensun 14 

Level of voltagea in Vi 
input aignal O with three connected INputasrr.rcrcrececeens 0.5 
input aignal O with one connected Inputrersscccssesesenes 1,0 





; Fig. 129. The electrical 

echematic diagram of the time ; 
element up to 10 s (element 
| ET-V03 ) e . 


The circuit collected on transistor Ty» is a rheostat amplifier 
having two inputs, The first input circuit includes the collector 
of transistor Ty» resistors Re and Re» and the base of transistor 
Ty 3 the second input circuit includes the collector of transistor Ts, 
diode A; and the base of transistor Ty The signal at the output of 
the element appears in the absence of signals at both inputs, 1.e.; 
when transistors Ty and Ts are simultaneously saturated. 


The time delay can be regulated within the limits from 0.5 to 
10 8 by way of change of the time constant of circuit R, with the 


help of resistor Ry5» where Rg = Ryo + Rise 


fai MRM ia edn ice tea 


To increase the stability of the operating time of the element 
there is used the principle of recharging the preliminarily charged 
capacitance C, through resistors Ry, and Ry 
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In the abaence of input) algnal the voltage on the collector of 
Lranetator Ty ta close to the supply voltage since Re + Ry > Ru6 + Ro 
(T, 1a tn conditions of saturation). The voltage of the base of 
tranalator Tp is close to zero since transiator T, ia saturated, and 
tho voltage drop at the emitter-base Junction ia small. 


In thia case the voltage on the capacitor plates is close to the 
supply voltage. The potential of point 2 ta positive relative to the 
potential of point 6), 


Tranaiators Ts and Ty fulfill the function of a compound triode, 
which increases the amplification factor, If transistor Ts is 
faturated, transistor Ts is saturated; if transistor Ty is closed, 
transistor Ty is closed, 


When signal is supplied to one of the inputs (leads 7, 8, and 9) 
transistor T4 passes into conditions of saturation, The potential 
of point 6 takes zero value, the potential of point 2 takes a positive 
value, and transistors To and T, are closed. The potential of the 
collecior of transistor Ts takes negative value, and through diode 
A, transistor Ty is kept in the saturated state after removal of 
negative signal via the circuit: collector of transistor Ty > resistors 
Re and Rs and the base of transistor Ty. So that the removal of 
negative signal does not get ahead of appearance of negative signal 
in the circuit collector Ts diode Dos base Tys there is used delay 
circuit Re» C4Re- 


The conditions of cutoff of transistors To and Ts are ensured 
during the time before capacitance Cy has been discharged to zero 
through resistors Rio and Rass Then the capacitance starts to be 
charged by voltage of reverse polarity. During the building up of 
voltage on the capacitor to 9,1 V there occurs vaturation of 
transistors To and Ts. With the saturation of transistor Tz» negative 
signal is taken from the base of trenysi3tor Ty» and transistor Ty is 
locked. On output there appears a signal delayed for the time 
At = 0.7 RyCo- 


TT 








During removal of input signal transistor T, 1s locked, The 
potential of point 6 takes negative value, point 3 positive, and 
transistors Te and T, are locked. Transistor Ty passes into 
saturation, and the signal at the output disappears, 





If the input signal disappears before the time delay has passed, 
the signal will not appear at the output. : 


i 


After removal of the signal from the input of the element, the 
capacitor is recharged through resistors Rg and Rig» which is determined 
by the time At = 0.7 RCo» where R, = Rg + Rigs 


Te ne eR, AR cae eet 


After the charge of capacitance Co the element is ready for 
new action. For correct work of the element the repeated signal 
can be supplied to the input not earlier than in the time At. ms 3R,C, = 
= 0.5 8. Otherwise the delay will be less than assigned. 





Resistors Rus = 2CO kN and capacitor Co = 30 uF are not set in 
the element. 


When element ET-V03 is working with circuits ET-LO1 it is necessary 
to connect leads 12 and 16, During work with circuits "AND" (on element 
ET-LO2) leads 12 and 16 are not connected, : 


og Acar rrp “PRY oes peg Boag Let ES dene EH unger olen Sry eT CRT oo 


a) Element ET-VO4 
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Element ET-VO4 (Fig. 130) is intended for production of larje 
Signal delays with respect to time. Such time delays could be obtained 
in the circuit in Fig. 130 with considerable increase in capacitance 
Cos which is practically unacceptable. 


RY RET + 


In element ET-VO4 there is used the principle of recharging ; 
preliminarily charged capacitance Cy through high-resistance resistor 
Rp = Rr + Res having a value of sereral “in. 


This is possible thanks to the fact that for exclusion of the 
influences of the resistance of the base-collector junction of 
transistor Ts in its base circuit there is included a silicon 
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stabilitron 4 working in diode conditions, Instead of it there 
can be included a silicon diode with small reverse current (reverse 
resistance of 20-50 MQ), which permits using a charge resistance of 


1-2 m2, 
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Fig. 130. Electrical schematic oes of time 


element up to 100 s (element ET-VO4) (capacitor 
Cy and resistor R, are set outside the element). 





For reliable fixation of the moment of change of polarity 
the voltage on capacitor Cy with slowly changing voltage on it 
is used a blocking-generator consisting of transistor To. 


The parameters of element ET-VO4 


Supply VOLTAGE IN Vics civics wc cscs ewe ts. 60ese eee bee ree aeg es oa ee es 
Consumed Current IN MA, oecececcceccvccrecscvcsveccscesscsesese 
Range of regulation of delay 1n S..ccecerecccccsesccsscscccccs 
Time of readiness for repeated action In S..eccccccccccscesece 
Charge resistance 1N KQ..cceoccrccceccccvcccevesvescvessesvere 
Utilization factor of capacitance in LF/S...cccccccccccceccces 
Input impedance in KQ..cccccccccccccccevcvcveccersvresssesevecs 
Load reSistance IN KQeecccveccccccccccresvvcevccsscssessvsvcees 
Current of external load in mA: 

NOMINAL. cccevaccccvecccerecvecesccescessesensesesecsereseee 

MAXIMUM. cc cccccccccccccsccccreevcceresesseresscceuseesesees 
Levels of voltages in V 

input signal O when there are tnree connected inputs....... 

input signal O when there is one connected input. ...cccseee 


to 


of 
there 


30 
9-100 

<5 
4500 


1.50 
0,82 


10 
20 


0.5 
1.0 
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Let us examine the work of the circuit. 


In the initial state of the circuit transistor Ty is closed, 
capacitance Cy is charged to the supply voltage, and transistors Te 
and Ts are opened by constant negative bias. 


As a result the flip-flop consisting of transistors Ty and Ts 
is held open by transistor Ts in state 0, and the blocking-generator 
is not excited since the feedback circuit is broken by closed diode 


ti 


During the supplying of input signal transistor Ty is opened, 
and current flows through diodes J, ana a. The left plate of 
capacitor Cy obtains zero potential, and the positive potential of 
the right plate closes diode a, as a result of which the current 
of the base of transistor To decreases and the transistor is closed, 
Capacitor Cy starts to be recharged, and at the time when the 
potential of the right plate becomes more negative than the potential 
of the base of transistor To, diode I, is opened, and the current in 
the capacitor circuit increases, As a result of the blocking-process 
at the output of transistor Tp there appears a positive pulse, which 
passing through circuit Co q,; flips the flip-flop to state 1. 

Since transistor Ts is closed, a signal appears at output 1 (lead 2). 


The disapperance of input signal leads to locking of transistor 
Ths which causes saturation of transistor To and Ts, where the latter 
returns the flip-flop to its initial state O. 


The inverse output signal can be taken from output 2 (lead 5). 


F, Amplifiers 


The amplifiers ensure transmission of instructions from the 
elements to the actuating mechanisms. The types of amplifiers 
(in order of increasing power) are ET-U01, ET-U02, ET-UO3, ET-UO4, 
and ET-U05. The corresponding working currents are 0.04a, 0.125a, 
O.42a, 1.25a, and 4,2a (at a maximum voltage of 24 V). 
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For conventence of construction of contactless control systems 
the input parameters of amplifiers ET-U03, ET-UO4, and ET-U05 
completely correspond to the output parameters of the logic elements 
(1.5 kQ). 


i te et toe a, 
ea 


When a 1 V signal of the load circuit is supplied to any of the 
amplifier inputs, current flows. Thus, the output amplifier carries 
out the "OR" function. 


y =, V Oy V Op. 


During work tc an inductive load into the circuits of amplifiers 
there is introduced a shunting circuit Ra» Din connected in parallel 
to the load. As in known, such a circuit at a resistance of Rn = O 
completely excludes increase of voltage at the collector of the 
output transistor while the amplifier is locked but considerably 
increases the tripping time of the load, which is determined by the 
parameters of the load. 


a) Element ET-U01 


Element ET-U01 (the coordination amplifier) is intended for 
increasing the load capacities of logic circuits, for switching on 
Signal tubes, etc, 


The parameters of element ET-UO1 


Supply voltage in VV oS le leie.ces'e%s (00.26 0 0: 6 he 6. 660 010 Oree 6. 0:0 ele were eve wae are +6, -12 
Current of load in mA: 


in normal TATING. cosesccccvacvedeccsecdeesecvessesasssone 30 
in conditions of raised power, eeeeoeeseseee#espepeeveesv eee eeeoeee ee 40 
Working frequency of inclusions in KHZ...c.cescccccccsccsecce 5 


Value of input impedance in kf: 
in normal TACTINBaccccvccccesevevevveeevecssesscsvvesseree 0.75 
in conditions of raised power... cencccccevseseseescccvves 0,10 








Levels of input voltage in V; 
Signal O during work in normal rating..ccccccccccevocscces 0-0.75 
signal O during work in conditions of raised power,..eee.. 0-0.55 
signal 1 during work in normal rating..ccsssscseccscscess 4,0-10.2 
signal 1 during work in conditions of raised power....... 445: 
Output voltage O Ln Viceecesccrcccccvccvsvccesesessesreseres 0,25 


In element ET-UO1 there are constructively united two circuits 
of amplifiers. Each of the amplifiers has one 750 Q input, one 


diode input, and one inverse output. 


The diagram of the element is depicted in Fig. 131. 





Fig. 131. The electrical schematic 
diagram of the coordination 
amplifier on a 50 mA load current 
(element ET-U01). 


The diode input is used to increase the load current up to 4O- 
50 mA, The input impedance of the amplifier is low when the diode 
input is on, which permits increasing the input current and the 
load current, but excludes the possibility of coordination with the 
output parameters of other elements, 


During the work of the amplifier to the inputs of the "AND" circuit 
(ET-LO2), in the collector circuit there are used 9.1 kf resistors 
and Re In all remaining cases leads 5 and 6 are united with 
lead 16. 
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b) Element ET-uU02 


In element ET-U02 (output amplifier) there are constructively 
united two circuits of amplifiers, each of which consists of one 
transistor included in a circuit with a common emitter (Fig. 132), 
and ensures the obtaining of up to 3 power at a current of up to 
125 mA 


The parameters of element ET-U02 


Supply voltage in Woe ese Sew See Bek eee ws3 solo Ww 6 ore Biwi o2ol@ Rleve'e 6 wblw* 46, -12 
Current of load in mA 


in normal Tauings, sidscauedee eae Ces kaso 50 eee ewe eee es 70 

ini “@OnditCions Of -FALSed “POWE Tso. sees daw OWiu se wees beweeaes 100 
Working frequency of inclusion in KHZ. ceccecvccecccccccsccces O65 
Value of input impedance in kQ 

in normal Prating...cocccccccccecsescccncecenscesecesesss 0.75 

in conditions of raised power. .....cccccerccccssccsccces 0.10 


Levels of input voltage in V 
signal O during work in normal rating...cccccccccccccces 0-0.75 
Signal O during work in conditions of raised power,,.... 0-0.50 
signal 1 during work in normal rating... ..ccccccccccccsccee $e0-12,0 
Signal 1 during work in conditions of raised power,,.... 455 
Output voltage 0 IN Vise ssieie ve si sev 00s 0 ins see eer eaeweane 0.5 





Fig, 132. The electrical schematic 
diagram of the output of an amplifier 
Up. ie at 125 mA current (element 
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Dard Che ure ot Rass an a coomdiharton ampbb)ter bt de 
HocenaaAry to ocupply power From -be Vy dtp renltatanee Ny = A 
Inte the eelleetor etroudt, having comected leada A ated PN, cote t 
the load to Jead 4, ald wpe lead a theouah Ny oe 7 WD mA Pip, | The 
current of the collector mat not excaad Goel mA, 


To tnereage the load current ted mA che input afagnal moat be 
supplied through diode Ay wWhtel will allow onaurinat relbtable opantng 
of triode Ty. 


When the "AND" diode ofreutt (RPLe2) fa comected Co the output 
of the coordination amplifier, only reatater Rye Yt RY ta uaed tn 
the collector efreult, 


For the work of the element to the vontrolled devioea there ta 
-24 V power, During werk to an induetive lead there ta vaed dlude 
Qy. for which it. la necesaary to connect lead © with a -Ph V bua, 





In Fig. 138 the dotted line ahowa the rule of tnoluaton of a load 
of active and inductive character, 


ec) Klement. ET-U03 


Element ET-UO8 (output amplifier, Pia, 143) enaurea the obtaining 
of power of up) to 40 Wat nm current of O,42a, 





Fig. 133. The electrical 
schematic dlagram of element 
ET-UoO3 * 


ah 





The oitpat ampli itor tn oa thrersateaqe obmuatt to owhbenh abd 
Crab fatora are oy a oe trentt whth a common emitter, 4 


The RP -UOS Can alae WoRk WEE an tnduotive load, 


The parametera of element RPUO8 are given tn Table 70, 















: fabic. fWa.. aes $3- ULE te 


type of olewent 
SWF Ly Sw: : poettsa cam (ace eee: 
Rie cele bag ferries 
Value ef inmat (mpedanes tt Bt os 1.8 
Levele ef tamit valtawe in hh 
oli@ral © whan Were are three 


APM eercereerenescreseesecsers @,4 
cial 6 oer boa te om 


cee eee eee eeee 0 
oe is : spopegrsaresness a, =18 


r we sent aay ja Vrorncenceece a 


a awh 


eres 






06 


i } 


Ut, 






oe seiavinas te teed 
eeeeees Dee ks 
eodble dntuetance of dene 
PW Mecongeccencorevegpepenogceces 


ad) Klement BP-uUOd 


Klement. ET-oOk (output amplifier, Pia, 134) enaurea the obtaining 
of power of up to 30 Woat a maximum current of up to 1,25a, 


The output amplifier {a a four-atage circuit tn which the first / 
two tranalatora Ty and Tp areoon the ctreult with the common emitter, ) 
and the aecond two output tranaiatora Ty and T, are on the cireuit 
af the compound tranatator, 





In thia connection the maximum permissible current of diode Qy 
{a leas than the current of the load, and during frequency cutoffs 
there la possible overload of the diode with respect to current, 


Tn this case the external wiring must be connected to additional 
shunting diode Bu: 


Penne EpOe ee [ee te 
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The parametern of element BT-td are civen tn Table 70, 





Fig. 134. Schematic diagram of 
element ET-U04, 


e) Element ET-U05 





Element ET-UO05 (output amplifier, Fig. 135) ensures obtaining or 
power of up to 100 W at maximum current of up to 4,2a,. 


The layout of element ET-U05 is analogous to the layout of 
element ET-U04, 


The coupling between the pre-exit transistor Tp and the output 


compound transistor is carried out wi’' e help of two diodes , 


and 4. 





Fig. 135. The schematic diagram 
of element ET-U05. 
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The application of two diodes in the coupling between stages is 
caused by the need to have a Ugar of the compound tri le of about 
4 V, which cannot be obtained on one diode. The parameters of element 
ET-U05 are given in Table 70. 


G. Power Supplies 


Element ST is powered by standardized power units. There are 5 
performances of blocks: three units stabilized — on 20, 100, and 
500 W— and two units unstabilized — on 160 and 500 W. 


Logic and functional elements are powered from stabilized 
blocks; output devices from unstabilized blocks. 


Stabilized power units are not intended for loads subject to 
sharp changes. Unstabilized feed units, conversely, allow simultaneous 
switching on and switching off of hundred-percent load. 


The power units, with the exception of the 20 W stabilized unit, 
each have three circuits of rectified voltages connected by a common 
(zero) wire: +46 V; -12 V and -25 V. The 20 W block has only two loops: 
46 V and -12 V. 


In stabilized power units 25 V circuits are auxiliary and are 
not stabilized. 


To increase the reliability of work for stabilized power units 
there were accepted circuits with magnetic amplifiers. 


Stabilized power supplies with regulating magnetic amplifiers 
(MU) possess high enough internal resistance (inductive); therefore, 
they de not fear short circuits on output terminals. So that during 
short circuit in one circuit, voltage is taken to another circuit 
(practically lowered a few times), at the output of both circuits 
there are set voltage relays which by their contacts connect the 
locking winding to the MU of both circuits, In a short-circuited 
circuit the current is lowered to a very low value, and in an unimpaired 
circuit the voltage falls to 0.1-0.2 nominal value. 
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Stabilized power units ensure the possipility of short-term (| 
(not more than 30 min) simultaneous lowering of voltage at the output bo 
terminals of the circuits from +6 and -12 V to 75% of nominal value. 
Stabilization of units is absent. Switching to a lower voltage is 
carried out with the help of toggle switches. 





All power units are equipped with shielding excluding the going 
out of order of the unit during energency conditions in the load 
circuits, 


« 


Electrical connection of power units with external circuits is 
carried out with the help of plug connectors, each circuit having two 
contacts for the purpose of duplicating and increasing the realiability 
of the connections, 


The technical data of the power units are given in Table 71. 


+6¥; —12 V; 
—% v; & wW; 
Mou; DW; 


All face values cf resistances and capacitors given in the 
Giagrems ean te modified. 
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3. Application of Elements of the ET Series 
In Industrial Automatics 


When ET series elements are used, the following must be kept in 
mind, 


1. The elements nave relay equivalents. In the case of a 
: smoothly varing input signal (from the temperature sensor, the pressure 
sensor, etc.,) it is necessary to convert it into a discrete signal of 
the established level with the help of an ET-FO2 element or an ET-FO3 
null-balance device. 


2. Logic operations are realized by a combination of elements, 


Realization of basic logic dependences on ET is represented in 
Table 72. Realization of certain time operations is represented in 
Table 73. Application of ET series elements in calculating subassem- 
blies of systems is examined in Table 74, 


osm ne Sema nae om eH ERTS POSTS tN is Nt ld te eal aan hn ad air all a ot fae ciara 


1 
| 


Table 72, Examples of epplication of the elements of the =T series 
for realization of basic logic overations 





Operation “AND” Signal 
appear at atput shen 
there are signals at al 
inguts. 


morn operation Signal 





there is « signal at at 
least one of the inputs. 


presence ef a signal at 
input the signal at 
output fe absent. 
sigal at the output 

ppeare when the signal 

t the input disappears, 


po RIFE peer Eo Se en AE 
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Le pe eenes mere cee cme ene raueseecenents eee Anes ceed Mean ne Mame ae een aa 












St, 





















» 199 
F x The 2end variant 
ia examined in Pig. 
é 2end variant 113g, page 53 





The Pierce “OR-NOT* 
operation The signal iz 
ehsent at output, wen 
there is a sigm] at at 
ileast one of the three 






Site ge AEE ELE 






fan, In the absence of 
oignal at the imibition 
input "” the signal at 
the output appears 

stmultawously with the 
signal: at input "as tn 
the presence of a sign) 
ie@ absent at the cutput 


















Iepliastion The signal 
iia absent at the output 
af and only if there is 
la stgmal at ingut a" 

ari the signal at input | 
©" 46 abeont. 













id 

| ie 

i 

_ 

7 a 

i Unequivelence (unee | 
r ‘q@aivalentness) A 

: signal exists at the 
: output if and only 

> if the sigmils at 
inpate "a® ard 8h" 


g0 





i tit ogy tic aS big Yeni, BEDE SE MEADE RR Ae wees 
‘ Parte See + 
. 
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‘Table 7e. (cont'd), 


Memory After a 
-cigyal is supplied to 
ihe inpat “a” of 
ewitehing on ef meme 
there appeare a sign) 
at the Pcrward eutput 
ard it disappears at | 
the teverce output, 
10 Yate state is pre-e 

served until a signal 
{8 eupplied to the 

,) input "®" of 
switching off ef 
menory. After the 
suppiving of power the 
state of the circuit 

je arbitrary. 





















Table 73, Examples of using ET elements to realize certain time ' 
operations. ; 


Devignation and deacrip- 
tion of time operations =; 


Porwation ef eutput pulse 

of assigned width, The 

signal at the cutput —) ! 

appears simultaneously a 

with the disappearance of at t; 21 es there 
is established the 


external capacitance 


the sigml at the input 
and exists % Be 


Time of presence of 
sigmal, The sigml at 
the output appears 
simultanecusly with the 
signal at the input and 
exists t s. 


Expansion of input pulse 
(xipp eacillator). The 
signal at the output 
janpears simul taneousiy 
with the signal at the 
input and existe t « 








i 

















output appears 4, 
after the eupplying 


PN Rac ee J graaliniee ie 3 


. : 
{ 
4 
i 
A ‘ 
i 







eo after the 
Gappefance of the 
signal at the iaput. 












— 


~— i oe 

; | Open ppn 
Dino —f 

ict 

Te” Sires 
Fe oaal 















Pulsing a 
widrator). 












oe 74. ae of eae as of ET elements in calculating 





Binary integrating 
counter, Adding of 
Pulse entering the 
input with the number 
recorded earlier in 
the counter ant 
delivery of the 

| result in binary code, 
Frequency of input 
pulses — up to 5 kHz. 


Binary subtracting 
counter, Subtraction 
of pulses entering the 
input from the number 
recorded earlier in 
the counter. Prequency 
of input pulses — up to 
5 kHz. 


ter. Addition rary H ena f-sen't{ 3 ee 
wunter, | Addition (2 i ft late a AL se 


input pulees in 


rdane th Face ee 
ase instrustion, pee TTY a | : 
ney of i 
ee et tA Ly rae 


Shifting register. 
Snifting of the 
mmber recorded 
earlier in the 
register ons 
position by every 
shift pulse. In 
the special case~ 
anmlar switch. 
Frequency of input 
pulses up to 1.5 kHz. 


Shift pulee 
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Anmlar register (on 


the basis of a i t 
, counter with a : 

decoder) Series 

gwitehing of sigrals 

at the output of the 

register when any 

rumber of input 

pulses are supplied. 

Preqency of input 

pulses .up to 5 kHz 


ra 
Sieben gt 





| Binary-deeinal 
counter, Adding of 
input pulses to 10 
with return to the 
initial state after 
each L0-th pulse. 
Prequenty of input 
pulses - up te 1.5 


kHz, 
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During construction of block diagrams it is recommended that the 
graphic representations of elements of circuits and logic functions 
examined in Table 75 be used, 


Conditional literal designations of sensors are composed in 
accordance with All Union State Standard 3925-59. The graphic 
representation of sensors is depicted in Table 76. 


Table 75. Graphic representation of logic 
functions in blu. diagrams, 











Designation 
of function 






Graphic repre-. Graphie repre- 
sentation in . eee sentation in. 
block diagrams jf bleck diagreme 


@ x 
b 


















“Implica- 
tion" 


“Equ ivae 
lence" 
("equiva- 
lentnese") 










("unequiva- 
lentnese") 












Pierce" 
"tORe NOT’ 


flip-flop) 
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peure 75 Graphic pep resentay ion you ery 
input, and output elements in g 


am 
Graphic representation 
Designation in block diagrams 
paewwrmenee | OE 
Sensors with forward and inverse 
output 


=e 


Graphic representation of time function in 
Fy diagrams, 


Graphic representati 
Designation of function of ele ere an on 
Formation of output pulse of 
assigned width. 














Power amplifier 





Time of presence of signal. 


Expansion of input pulse (kipp 
eseiliator), 


js Endurance en appearance of sigral« 


Delay of appearance of signel. 


Lelay of appearance and delay of- 
Cisappearance of signal. 









Footnotes 


‘The given complex of elements was replaced by another complex 
of elements the description of which is given on pp. 270-277. 
[Translator's Note: Pages 270-277 refer to Russian document, They 
have not been translated in this manuscript. ] 


“The buffer module is an additional module included in the 
circuit to increase the power of the output signal, 


FTD-MT- 24 -109-59 %6 


